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Y- LUNAR ORBITER I 
2.0 PHOTOGRAPHY 

This volume of the Lunar Orbiter Mission I final report 
' contains a complete description of the photographic re- 
sults, specifically the reconstructed and reassembled photo- 
graphic records. All data required to identify and 
analyze these pictures, including a brief description of the 
photographic subsystem functions, have been presented 
to provide a basis for understanding the limitations and 
constraints on the uhotoarauhv. A detailed description 
of this subsystem can b< f&hd in Photographic-Sub- 
system Refgrence Handbook for the Lunar Orbiter, East- 
man Kodak Company, L-018375-RU, March 15, 1966. 

The photographs obtained by Lunar Orbiter I provide 
data on 262,000 square kilometers of the Moon's near- 
side to a level of detail over two orders of magnitude 
better than can be obtaiaed from Earth. One hundred 
fifty six medium-and high-resolution photographs were 
taken of nine preselected sites within the principal area 
of interest, a band -5 degrees in lunar latitude and 245 
degrees in longitude, within which a landing site for 
ApoIlo LM must be identified and verified. In addition, 
45 medium- and high-resolution frames were exposed of 
nearside and farside areas of special interest, including 
an oblique view of the Moon's farside eastern limb with 
the Earth in the background. In all, over 3,000,000 
square kilometers of the farside were photographed at a 
resolution of 250 meters, of which over 400,000 square 
kilometers were taken at a resolution of about 30 meters. 
Operation of the photographic subsystem, including the 
ground reconstruction and reassembly operations, was 
satisfactory with one major exception. Incorrect timing 
of the focal-plane shutter operation degraded the high- 
resolution photographs taken when the V/H sensor was 
operated. In some cases, however, qualitative information 
regarding surface detail down to a few meters in size may 
be derived from these photographs. Such informationmay 
be used to assist interpretation of corresponding areas 
shown in the 80-mm-lens photographs. Where exposureof 
the photographs taken by the 80-mm lens was satisfactory, 
resolution equivalent to 8 meters from thenominal altitude 
of 46 km was observed within the central area of the 
photographs. Minimum size of detectable features was 
larger in photographs overexposed or of low contrast. 

2.1 PHOTOGRAPHIC MISSION 

On August 14, 1966, the spacecraft was injected into an 
eliptical orbit about the Moon with a 199-km perilune, 
an 1850-km apolune, and an inclination of 12.05* 0.05 
degrees. Four days were scheduled in this ellipse for 
determination of precise orbital characteristics and for prc- 
per target illumination. Photographic operations were 
initiated during Orbit 25 (August 18, 1966) with a series 
of camera operations to run off the film leader and move 
photographic film into the camera. A series of 20 ex- 
posures of Site 1-0 centered at 92" E longitude, 0" lati- 
tude, were made on the next orbit from an altitude of 
208 km. This photography was timed to permit read- 
out at Goldstone (DSIF-12) for early photographic sub- 
system evaluation, operational control, and special press 
releases. 

The spacecraft was transferred into a second ellipse on 
August 21, at 0944:58 GMT during Orbit 44. This 
ellipse, designed for photography of the specified sites, 

had a perilune of 50 km. Site 1-1 photography followed 
nine orbits of planned tracking to provide precise ellipse 
computation, and to await proper target illumination. 
Sites 1-1, 1-2, 1-3, 1-4, and 1-5 were photographed in this 
ellipse. During Orbit 30, the spacecraft was placed in 
a third ellipse having an initial perilune of 40.5 km. Per- 
turbations of the orbit by Earth and Moon effects resulted 
in an increase in perilune altitude to 48 km by completion 
of photography. 

This change was made in an unsuccessful attempt to 
correct the focal-plane shutter operation. Photography of 
the remaining target sites, plus certain special nearside 
and farside exposures, was continued in this ellipse 

A tabulation of all target site photography and the 
special nearside and farside exposures will be found in 
Table 2.1-1. 

Frames Exposed 
Site Photography 

1-0 
1-1 
I -2 
I -3 
1-4 
1-5 
1-6 
1-7 
1-8.1 
1-9.2a 
I-9.2b 

Other Photographs 
Nearside 
Farside 
Mission B Sites 
Earth 
Miscellaneous and Test* 

Total Number of Exposures 

20 
16 
16 
16 
8 

16 
8 

16 
8 

16 
16 

156 
- 

17 
1 1  
15 
2 

10 - 
55 

21 1 

- 

*Includes four with thermal door closed; thus blank. 

Table 2.1-1: Summary of Mission Photography 

2.1.1 PHOTOGRAPHIC SUBSYSTEM FUNCTIONS 

The Lunar Orbiter photographic subsystem shown sche- 
matically in Figure 2.1-1 was designed to obtain broad 
coverage at moderate resolution and limited coverage at 
high resolution within spec& conditions of illumination 
and contrast The Earth-based equipment was designed 
to reconstruct the photographs to close density tolerance 
and with a minimum resolution loss between copy genera- 
tions. 



EVALUATION 

Figure 2.1-1: Lunar Orbiter Photographic System 

c 

As shown in Figure 2.1-1, the photographic system is 
composed of three major elements: 

The subsystem design represents an optimum balance of 
lens, fiim, and scanner readout designed to obtain 1-meter 
and 8-meter-resolution photographs from a nominal alti- 

1) The spacecraft photographic subsystem; tude of 46 km. The photographic method was selected 
over the television method for four important reasons: 

2) The ground reconstruction system; 
1) Resolution is, essentially, limited only by the 

3) The reassembly process. granularity of the film and a much larger format 
at high resolution is provided. 

2 



2) Power required to process and transmit pictures 
is significantly lower, because of the time-disper- 
sion of readout 

3)  Film provides a higher data-storagecapacity than 
magnetic tape for a given size and weight. 

4 )  Pictures can be read out and transmitted as d e  
sired. 

2.1.1.1 CAMERA 
The camera consists of a dual-lens system that produces 
both medium- and high-resolution images on 70-milli- 
meter film as shown in Figure 2.1-2. The medium-resolu- 
tion lens is a Schneider Xenotar 80-millimeter lens, and 
the high-resolution lens is a Paxoramic 610-millimeter 
lens made by Pacific Optical Company. Both lenses 
operate at a fured aperture of f/5.6. A between-thelens 
shutter is used with the 80-millimeter lens, a double- 
curtain focal-plane shutter with the 610-millimeter lens; 
1/25, 1/50-, or 1/100-second shutter speed is selected 
by commands from mission control. Both shutters op- 
erate at the same nominal speed. The film is held in 
the focal plane by frlm damps and vacuum that holds 
the film flat during exposure. The film is advanced 
approximately 298 millimeters after each exposure. 
Ground commands select camera operating parameters: 
number of frames per sequence, time interval between ex- 
posures, shutter speed, line-scan tube focus, and video 
gain. 
For a typical orbital velocity of 1.936 km/sec., the photo- 
graphic target moves 77 meters during the 1/25-second 
exposure interval; thus, smear caused by this movement 
must be cofipensated. The amount of compensation is 
dependent on velocity and altitude. Experiments have 
shown that if image motion is less than 60 of the size 
of the minimum resolvable detail (0.6 meter in the Lunar 
Orbiter case), degradation will not cause loss of detection 
capability. Lunar Orbiter image-motion compensation, 
accurate to within 0.5%, is designed to reduce smear to 
0.33 meter (at 46-km altitude), well within the 0.6-meter 
limit This is achieved by moving the platen to follow 
the image along the direction of flight. 

Figure 2.1-2 Camera Subsystem Schematic Diagram 

r- 80- FRAME 

FRAME 

80-MM LENS FRAME 
EXrOSUIE I 

610-MM LENS FRAME 
EXPOSURE 3 

EXrOSURE 2 

EXrOSURE 1 

4.15KM* 5% OVERW NOMINAL 

& 31.6 KM ~ 

SINGLE E X P O S W  (46 K M  MTIWDE) MULTl?LE FAST RE?lllllON E X r O S W S  MULTIPLE SLOW RE?lllTION EXPOSWES 

Figure 2.1-3 Photographic Overlap and Coverage for Sequencing Modes 
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MAL-FRAME EXPOSURE PAIR 

\ 
MODERATE HIGH 

b 

4 

FRAMES NUMBERED TO INDICATE PLACEMENT OF PHOTO PAIRS ON THE SPACECRAFI FILM. 
DIMENSIONS IN MILLIMETERS. 

Figure 2.1-4: Film Format and Placement of Frames 

1- 0.0375 -4 
TO SPACECRAFT 

I u FILMEDGE 

GRAY SCALE STEPS 
PRE-EXPOSED EDGE DATA 

Figure 2.1-5: Edge Data Format 

Platen motion is controlled by the velocity-to-height ratio 
(V/H) sensor that tracks a portion of the 610-mm-lens 
view of the surface. “he V/H sensor also determines 
the sequencing rate of exposures to obtain proper over- 
lap of the photographic coverage, Figure 2.1-3. Ex- 
posures are made as single dual frames, or in auto- 
matic sequences of 4,8, or 16 dual frames on command. 
A dual frame is one high- and one moderateresolution 
frame exposed simultaneously. Sequencing rate may be 
“slow mode,” producing 50% overlap of moderateresolu- 
tion coverage, or “fast mode,” which results in conti- 

guous coverage by the 610-mm lens and 87% overlap 
by the 80-mm lens. 

The picture formats and their placement on the film are 
shown in Figure 2.1-4. To provide for control and cali- 
bration of the photographs, high- and low-contrast reso- 
lution bars, a ninestep gray scale, linearity patterns, and 
framelet numbers (as shown in Figure 2.1-5) are pre  
exposed along one edge of the film A binary time code 
indicating spacecraft time of exposure is exposed across 
the film in the space between formats. 

4 
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Figure 21-6: Characteristics of Type SO-243 Film 
(H&D Curve) 

Film is exposed at a rate much faster than it can be pro- 
cessed. A looper having a capacity of 20 frames takes 
up the film and holds it until processed. 

The film selected for Lunar Orbiter is Eastman Kodak 
Special High Definition Aerial Film, Type SO-243; char- 
acteristics of this film are shown in Figure 2.1-6. Al- 
though the film’s A.S.A. exposure index of 1.6 is slow 
compared to more common emulsions, it has an ex- 
tremely fine grain and exceptionally high resolving 
power - approximately 250 lines per millimeter. The 
film’s relative insensitivity to radiation is an important 
reason for its selection. Following a 100-rad radiation 
dosage, only about one-half of the film capability is lost; 
this dosage then is the upper limit that the film could 
tolerate and stii give usable (but degraded) photo- 
graphs. In determining if this 100-rad-dose limit would 
be exceeded during a Lunar Orbiter mission, radiation 
from three sources was evaluated 

1) Galactic cosmic, essentially an omnidirectional 
flux amounting to about a 5-rad integration 
radiation; 

2) Geomagnetically trapped radiation in the Van 
Allen belts, with an integrated radiation varying 
between 1 and 6 rads, dependent on the cislunar 
trajectory; 

3) Solar flares with radiation levels that can ex- 
ceed 100 rads (Class 3 and greater flares). 

Solar flare radiation presents the most serious threat to 

film. The probability of realizing a 100-rad total radia- 
tion during a 30-day mission, however, is computed to 
be only 4%. The s acecraft provides shielding equiva- 
lent to 2 g r a m s / c d  and an additional 2 grams/cm2 are 
installed around the film supply cassette. The resultant 
shielding reduces the 100-rad-dose probability to less 
than 1%. A 100-rad radiation dose would change the 
maximum resolution of the film from 1 to 1.1 meters. 
During Mission I, no degradation of film was noted. 

2.1.1.2 PROCESSOR-DRYER 

Eastman-Kodak ‘‘ Bimat” (SO-1 11 ) processing is used to 
develop the exposed SO-243 film to provide a photo- 
graphic negative. The process is classed as nonliquid. 
The Bimat holds a monobath processing solution, P S  
485, absorbed in its emulsion. At the completion of pro- 
cessing, the film is merely damp and can be easily dried. 
The exposed film is laminated to the Bimat film and pro- 
cessing goes to completion in 3.4 minutes of contact time 
at a temperature of 85°F. 

As the film and Bimat leave the processor drum, they 
are delaminated. The Bimat film is pulled onto a sepa- 
rate takeup spool, and the slightly damp SO-243 film is 
brought into contact with the dryer drum heated to 
95e3”F. Moisture is collected by a mat containing 
potassium thiocyanate desiccant. Film is processed at 
a rate of 2.3 inches per minute; all frames exposed dur- 
ing an orbital pass can thus be processedprior to start 
of the succeeding pass. 

Three significant constraints govern operation of the 
photo subsystem: 

1) Temperature of the Bimat supply must be kept 
below 70°F. The Bimat has a 28-day lifetime 
at 70°F and increases to 56 days at 40°F. 

2) Film and Bimat must not remain in contact 
longer than 15 hours or they will laminate per- 
manently. 

3) The film must not remain “stationary” over the 
rollers for longer than 8 hours. Beyond this 
film-set results; the film will not be flat in the 
platens, thus destroying focus, and excessive 
power is required to move the film to a subse- 
quent position. 

The last two constraints require that film be moved in 
the system at least once every 8 hours to prevent film 
set. These are the “film-set” frames. From the dryer, 
the processed film moves to the film takeup and storage 
reel where it remains until readout is desired. 

2.1.1.3 READOUT SCANNER 

Transmission of the photographic image to Earth is ac- 
complished by converting the image density to an elec- 
trical video signal, as shown in Figure 2.1-7. 

In the linescan tube (LST), a beam from the electron 
gun moves linearly across a phosphor-covered anode that 
rotates so that different areas are bombarded on success- 
ive scans. A 6.5-micron image of the light spot is fo- 
cused on the film by the scanner lens. The lens is moved 
at right angles to the film following each scan. The re  
sult is a “framelet” comprising a raster of 16,359 lines- - 
each 2.67-mm-long- -across 57 mm of the 70-mm film. 

5 



A? LINE-XAN 

SCANNER LENS 

“A“ FRAMELET 

VIDEO SIGNAL 
TO TRANSMITTER 

VIDEO AMPLIFIER 

Figure 2.1-7: Readout Subsystem Schematic 

Following completion of one framelet, the film is moved 
2.54 mm to begin scan of the next framelet - - the 
scanner lens moves in the opposite direction for this 
framelet. (The framelets are designated A or B, de- 
pendent on the direction the mechanical scan lens was 
moving during composition of the framelet.) Scanning 
begins at the edge-data side of the film to produce the 
A framelet and the B on the return. Marks, scribed on 
the LST phosphor at each end of the scan line, RFO- 
duce fiducial marks in the composite video signal w ich 
provide a calibration of system magnification. A com- 
plete dual-exposure frame- -298 mm - - requires 11 7 such 
framelets. 

The light passing through the film, modulated by image 
density, is sensed by the photomultiplier tube through 
associated light-colledion optics. An analog electrical 
signal proportional to the intensity of the transmitted 
light is generated and ampliied, and timing and syn- 
chronization pulses are added to form the composite 
video signal, Figure 2.554, which is fed to the space- 
craft’s video transmitter. 

Film motion during readout is opposite to that during 
photography and processing. The processor cannot be 
reversed until all film has been processed and the Bimat 
cleared from the processor. A looper having a capacity 
of four frames, located between the processor and the 
scanner, permits readouts of up to four frames b e  
tween photographic orbits and prior to cutting the Bimat. 
Final readout of all photographs is accomplished only 
after all photographs have been taken and processed, 
and the Bimat cut and cleared from the processor. 

2.1.1.4 GROUND RECONSTRUCTION SYSTEM 

The composite 230-kHz videosignal, multiplexed to the 
spacecraft’s 10-MHz §-band rf signal, is received (on 

command) at any of the three Deep Space Stations in 
view. At the DSS, recordings are made on two GRFa 
and an Ampex FR 900 wideband, rotating-head mag- 
netic tape recorder. The tape records the 10-MHz unde 
tected IF signal. Within the limitations of the reproduc- 
tion processes, the playback image is nearly identical tod 
that of the original 35mm film record. 

The 35-mm film record is made using the ground re- 
construction electronics (GRE) located at each DDS. The 
10-MHz signal is demodulated to separate the 230-kHz 
composite video signal, processed, displayed on a kine- 
scope tube, and recorded by the GRE camera. Two 
GRE’s are located at each DSS. 

The films are processed at the DSS and sent to Eastman 
Kodak at Rochester, New York, where reassembly is 
completed. The magnetic tapes are delivered to NASA’s 
Langley Research Center as part of the final documenta- 
tion package. The tapes will provide GRE input for 
producing additional reconstructed records. 

2.1.1.5 THE REASSEMBLY PROCESS 

The 35-mm reconstructed record is reassembled by hand 
or may be reassembled automatically on 9 1/2-inch 
(24.2 cm) film by photographic projection printing. This 
machine reassembly reduces the GRE film image by a 
factor of 0.893 and “A-B” framelet reversal is corrected 
for proper orientation of high-resolution frames. 

Fourteen framelets are reassembled to produce one 9- by 
14-inch subframe. Two framelets overlap the adjacent 
subframe. Approximately three subframes are required 
for a single moderateresolution photo and seven for 
each high-resolution photo. 

This sequence is diagrammed in Figure 2.1-8. 

2.1.2 MISSION PHOTOGRAPHY 

Photography during the first ellipse was planned to per- 
mit the following: 

Verify and assess subsystem operation prior to 
transfer into the second ellipse; 

Verify premission exposure predictions; 

Advance the film through the processor to per- 
mit readout of selected photographs; 

Satisfy the constraints on time delay between 
successive camera and processor operations. 

On the basis of analysis of the first few frames of Site 
1-0 photographs, some modfications were made to the 
premission plans. Additional frames were used for diag- 
nostic purposes, to advance film for test exposures to be 
read out, and to satisfy film-set constraints. Some were 
used to photograph the farside of the Moon. 

Premission plans to expose the fdm-set frames without 
maneuvering the spacecraft were generally followed; how- 
ever, confidence in spacecraft operation resulted in a 
decision to maneuver the spacecraft to obtain farside 
photography- - which required an approximately 180- 
degree roll maneuver- -and to obtain photographs of the 
Earth. 
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The first-ellipse photography was initiated on August 18, 
1966 at 12:42:49.9 GMT during Orbit 26 at an alti- 
tude of approximately 208 kilometers. Photos of Site 
1-0 were exposed along the orbit track from 84" 36' E 
longitude, 1" 40' N latitude, to 98" 12' E longitude, 
1" 24' S latitude. The solar phase angle was 62.9 
degrees. The area photographed was the vicinity of 
Mare Smythii and includes both mare and upland types 
of terrain, providing a range of albedo for exposure 
check. The premission prediction indicated an albedo of 
0.065 for the mare area, requiring an exposure of 0.02 
second. 

First-ellipse photography included the following: 

Site 1-0 20 Frames 

Nearside Film Set 6 Frames 

Test and Film Advance 5 Frames 

Farside Photographs 8 Frames 

TOTAL 39 Frames 

I 

- 
ONE WIDE-ANGLE FRAME 

Reassembly Sequence 

k 1 6 . 3 3 2 M M  

FRAMELET ON 
REASSEMBLY FILM 

A description and evaluation of these first-ellipse photo- 
graphs will be found in Paragraph 2.2.1.2. 

Target sites representative of the terrain types and com- 
binations of types found within the Apollo landing zone 
were specified. They included the area where Surveyor I 
landed. The other sites were distributed over a wide 
range of longitude for sampling a variety of terrain 
types. A description of the preselected target sites, ob- 
tamed by Earth-based observation, is given in Section 
2.1.3. 

Second-ellipse photography was started August 2 1, 1966, 
at 11:28 GMT onorbit 1, as a film-set exposure. (Orbit 
numbering was restarted on the second ellipse. Sites 1-1 
through 1-5 were photographed from this ellipse.) On 
August 27, during Orbit 30, a retrograde velocity man- 
euver was made to place the spacecraft in a third ellipse 
having a perilune about 5 to 7 km lower. Photography 
was completed over Site 1-9.2 on August 29 at 1324 
GMT. The Bimat web was cut August 30 at 1814 
GMT and final readout started. Final readout was com- 
pleted September 14. All frames, including the pre  
exposed and processed Goldstone test film, were read out 
successfully. 
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2.1.3 PHOTOGRAPHIC OBJECTIVES 

The photographic objectives of the mission were: 

1) Obtain moderate and high-resolution photo- 
graphs of selected areas of the lunar surface; 

2) Photograph the area surrounding Surveyor I; 

3) Provide topographic information that will extend 
scientific knowledge of the lunar surface charac- 
teristics. 

Except for the limited area coverage obtained by Rangers 
VII, VIII, and IX, and Surveyor I, knowledge of lunar 
topography has been limited to Earth-based observation 
in which the best resolution, by optical means, has been 
about 0.5 to 1 kilometer. The requirement for surface 
resolution for the Apollo landings is approximately 1 
meter. Landing sites are desired at a number of loca- 
tions to fulfill the exploration and scientific objectives 
of the Apollo program and to provide an adequate 
launch window to obtain acceptable lighting. Lunar 
Orbiter mission photography will provide a major contri- 
bution to, if not a solution of, these requirements. 

The specific photographic objectives of Mission I were 
lunar areas that, from Earth-based observation, appear 
to be representative of different terrain types offering 
candidate sites for Apollo landing. To accomplish this, 
the mission was designed to: 

Take a series of 16 dual-frame exposures in the 
fast-sequencing mode over each of the preselected 
target sites. These exposures were to provide 
contiguous coverage of high-resolution, and for- 
ward overlap of moderateresolution, frames suit- 
able for stereo measurement. The photographs 
were to be taken from a nominal 46-km altitude. 

Take a series of 16 exposures during the first 
phase as far east as possible consistent with the 
lighting constraints and mission design (Site 1-0). 

Use the film-set exposures to obtain photographs 
of proposed Mission B target sites on a non- 
interference basis with Mission I. 

Read out and transmit to the DSN, selected ex- 
posures from the first ellipse phase, prior to in- 
jection into the second ellipse, for early evalua- 
tion of photo subsystem and system performance, 

Read out and transmit selected photographs to the 
DSN between photo orbits for mission control 
and system operational validation. 

Following the completion of photography, read 
out and transmit to the DSN all of the photc- 
graphs obtained for the entire mission. 

2.1.4 PHOTOGRAPHIC SITES 

Ten target sites were chosen for this mission. Of neces- 
sity, selection of the sites was based upon telescopic ob- 
servation from Earth and thus subject to many uncer- 
tainties. 

3 

A set of ground rules was established by LOPO to guide 
and direct selection of appropriate target sites. The 
ground rules, as stated in Lunar Orbiter Mission A 
Descri tion, NASA LOTD-102-1, as approved by the Ad + Hoc urveyor/Orbiter Utilization Committee, September 
29,1965, (Amended June 1, 1966), were: 

1) Obtain several samples of significant terrain types. 

2) Samples of like terrain types shall be reasonably 
distributed for Apol lo launch window considera- 
tions. 

3) Concentrate on the most promising areas within 
the Apollo zone of *5' latitude, -45" longitude. 

4) Examine promising Surveyor sites. 

5 )  Perturb site selection if additional information b e  
comes available and t i e  permits. 

A number of mission constraints were imposed, as 
follows: 

1) Minimize attitude control gas consumption by 
limiting photography to a single photo pass over 
each target, except for the two 16-frame sequences 
at the Surveyor I site. 

2) Photo readout between sites for reliability and 
mission control. 

3) Maximum of nine equatorial sites within Apollo 
zone. 

4) Maximum photographic coverage at each site, 
using one pass. 

5) The orbit inclination will be 11 to 12 degrees. 

6) Lighting conditions and altitude must be a d e  
quate for: 

a )  Detection of features equivalent to a cone 
having a 2-meter-diameter base and a 0 . 5  
meter height; 

b) Detection of a 7-degree slope of an area 7 by 
7 meters. 

NOTE This reauirement resulted in Dremission 
The selection and specification of the sites to be photc- 
graphed was made by the NASA Lunar Orbiter Project 
office (LOPO) prior to the mission. 

prediction limiting the phase angle to between 50 
and 80 degrees and a nominal perilune altitude 
of 46 km. 
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Figure 2.1-9 Mission I Primary Site Locations 

2.1.4.1 SITE SELECTION CRITERIA 

A detailed account of the target site selection for the mis- 
sion is contained in the reference given above (NASA 
LOTD 102- 1 ). 

Target area selection was based on the 1:1,000,000- 
scale U. S. Geological Survey lunar terrain map of the 
equatorial zone. Lunar surface morphology for this map 
was derived from quantitative data which included slope 
component studies, relative relief studies, and crater den- 
sity studies. Sources of qualitative data were: 

A. C. I. C Lunar Atlas and other charts. 

Earth-based photography. 

The U.S.G.S. 1: 1,000,000-scale geological maps. 

Ranger VII, VIII, and IX photography 

These studies included extensive work carried out by the 
U. S.G. S. on photometrically derived slope measurements 

and slope frequencies. The results of Ranger VII, VIII, 
and IX missions contributed a great deal of supporting 
data. 

Surface roughness is of primary concern from the stand- 
point of landing requirements for Apollo Landing Module 
(LM). This factor has been used as a major parameter 
in site analysis. Terrain units considered critical for 
terrain calibration purposes were established on the basis 
of slopes at 1-kilometer resolution. 

Possible information of scientific value, as well as of 
direct value to the Apollo mission, was also considered 
in selection of the target sites. 

2.1.4.2 SITE LOCATION 

The location of each site, its description based on pre- 
mission information, and its evaluation as given in 
NASA LOTDlO2-1 are summarized below. A plot in- 
dicating the approximate locations of the sites within the 
lunar equatorial regional is shown in Figure 2.1-9. 
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LUNAR ORBITER SITE EVALUATIONS 

MISSION I 

0: 50' S, 42" 20' E Site 1-1 

Rating A: Inclusion of dark mare, moderately light 
mare, and uplands in this site make it a valuable terrain 
calibration area. The 1-meter relative roughness of the 
two mare types is Qf special interest. The possible d e  
tection of genetic relationships at the contact of the upland 
and dark mare is of particular importance scientifically. 
The maria units are potential Apollo landing sites. 

Site 1-2 0" 10' S, 36" 00' E 

Rating B Significant terrain calibration data is antici- 
pated at this site for the upland units 11-A and 11-B, 
and the mare. Potential Apollo landing sites may be r e  
vealed here. 

Site 1-3 

Rating B: Useful data concerning small scale rough- 
ness and morphology of this area should be obtained. 
It is a potential Surveyor and Apollo landing site. 

Site 1-4 

Rating A: It is anticipated that high-resolution photo- 
graphy of terrain units 11-A, 11-B, 11-C, and 11-D will 
provide the data necessary to define the 1-meter resolu- 
tion roughness of the upland areas. This site is a po- 
tential Surveyor and Apollo landing area. 

Site 1-5 0" 25' S, 1" 20' W 

Rating B: This is an especially good example of smooth 
mare with low subdued ridge structures, which are im- 
portant in the evaluation of mare origin and develop 
ment. It has high potentiality as an Apollo and Sur- 
veyor landing site. 

0" 20' N, 24" 50' E 

0" 00', 12" 50' E 

Site 1-6 4" 00' S, 2" 50' W 

Rating A This area i6 particularly important to terra& 
calibration, because it provides high-resolution photo- 
graphy of upland unit 11-D, as well as the deformed 
crater floor 111-B-2. The crater floor is a previously se  
lected Surveyor landing site. It is anticipated that this" 
coverage will be of high value when bearing strength 
data becomes available for the major terrain types. 

Site 1-7 

Rating B This is a moderately good example of mare 
that has low sinuous ridges, small craters, and a light 
ray covering. It should provide important informa- 
tion regarding the development of older mare surfaces 
and their characteristic morphology. It is a previously 
selected Surveyor landing site (16-50). 

Site 1-8.1 

3" 45' S, 22" 45' W 

3" 00' S, 36 30' W 

Rating A: This is a superior example of a relatively 
linear mare ridge system, which is especially important 
in the definition of 1-meter scale roughness. It provides 
an excellent opportunity to investigate the genetic pro- 
cesses concerned in the development of this type of mare 
morphology. It is a highly rated Surveyor landing site 

Site 1-9.1 

Surveyor I landing site. 

(1  1-50). 

2" 21' S, 43" 22' W 

NOTE The location of this site was changed on the 
basis of later refinement of the position of Surveyor I. 
In addition, the area was photographed on two successive 
orbits. The designation of the site was therefore changed 
to Site A-9.2a and Site A-9.2b. 
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2.2 MISSION PHOTOGRAPHS 

i 

This section will cover the mission photographic quality 
and characteristics of the ground reconstructed record 
and reassembly film. The photographs consist of the ori- 
ginal 35-mm GRE film (one from each of two GRE's 
at each DSIF site) and the following copies: 

35-mm negative transparencies (35-IN); 

35-mm positive transparencies (35-2P); 

9 1/2-inch reassembled positive transparency 

9 l/2-inch reassembled negative tranparency 

9 lf2-inch paper positive prints (SF-4P). 

(SF-2P); 

(SF-3N); 

2.2.1 DESCRIPTION PHOTOGRAPHS 

The method of film processing and photograph reconstruc- 
tion resulted in anticipated characteristics of Lunar Orbiter 
photography, such as the framelet lines and occasional un- 
avoidable defects caused by intermittent processing. Fx- 
posure problems were also expected because of uncertain 
lunar luminance data, and a luminance range, extending 
from hard shadows to bright highlights, which exceeded 
system limitations. Some unexpected functional anomalies 
occurred that affect photographic quality and information 
content of the photographs. 

Some photographic characteristics, related to the indivi- 
dual sites, are: differences in illumination, albedo, topo- 
graphy, spacecraft altitude, and the inability of the sys- 
tem to cope with a wide range of variables under condi- 
tions far harsher than ordinarily encountered in terres- 
trial photography. 

The descriptions are limited to a subjective, qualitative, 
or semiquantitative assessment. They are based largely 
on the examination of a second generation positive copy 
of the 35-mm GRE reconstructed record All photographs 
could not be examined by this method because of the 
large amount of film record produced by the mission. 
A sampling technique was used. From three to six 
dual-frames distributed over each site were examined 
The examination also used paper prints, prepared from 
reassembled negatives, for assessment of coverage, over- 
lap, illumination, exposure variation, processing effects, 
and overall quality. 

2.2.1.1 GENERAL MISSION PHOTOGRAPHS 

The quality of site photographs obtained with the 80-mm 
lens varied primarily because of exposure problems. Sites 
1-5 and 1-9.2 were of good quality, while the exposure of 
the remaining sites ranged from moderate to severe over- 
exposure. Features approaching 8 meters in size were d e  
tected at all sites. Detection of features-principally rocks 
or blocks-smaller than 8 meters was accomplished where 
illumination produced high contrast. In a number of in- 
stances, where photographs taken by the 610-mm lens 
were smeared only parallel to the flight path ( IMC direc- 
tion), qualitative information regarding occurrence of 
small features can be derived. This information may assist 
interpretation of corresponding areas in the 80-mm-lens 
photographs. 

Coverage of the specified sites changed during the mission 
at three sites where eight exposures were made, rather 
than the planned 16. At two of these sites - Sites 1-4 
and 1-6 - coverage was greater because the slow sequenc- 
ing mode was used and overlap decreased to about 50%. 
Only at Site 1-8.1, where fast sequencing was used, was 
coverage reduced, but coverage of the specified target 
position was accomplished 
Photographic Characteristics 

Use of film-set frames for additional photography, to- 
gether with most of the frames required for diagnosis of 
the shutter problem, produced 45 moderate-resolution and 
some high-resolution photographs of outstanding scienti- 
fic interest. These include photographs of the lunar farside 
and of the Earth. 
The most obvious characteristic of the reassembled 
photographs is that they are made up of narrow strips. 
This is inherent in the system. While tolerances are held 
to a minimum, junction lines are unavoidable and ac- 
cepted because of marked advantages of the resolution 
capability of the LST scanning technique. 

Light Transmission Characteristics 

The two lenses of the camera have different light trans- 
mission properties, as discussed in Paragraph 2.4.1.1. 
Both operated at a fixed aperture of ff5.6. The differ- 
ence in light transmission, however, resulted in each pro- 
ducing a different exposure on the film. The 80-mm 
lens, with an on-axis transmission of 92%, produces a 
greater exposure than the 610-mm lens with an on-axis 
transmission of 68%. Q u a l  image densities could not, 
therefore, be possible with both shutters operating at the 
same speed. The difference in exposure between the 610- 
and 80-mm lens - - due to the difference in lens trans- 
mission - - has, in effect., increased the luminance lati- 
tude of the system. Good detail is present in the 80-mm 
photographs of darker mare areas and poorly illumi- 
nated slopes where information may well have been lost. 
The 610-mm-lens photographs show the presence of much 
recognizable fine detail in brighter areas such as slopes' 
facing the Sun, and the higher-albedo uplands where de- 
tail may be obscured in corresponding 80-mm photo- 
graphs. It follows also that, in areas of low luminance, 
severe underexposure with accompanying loss of data will 
occur in the 610-mm photographs while data loss occurs 
in bright areas overexposed in the 80-mm photographs. 
Lunar Surface Photometric Characteristics 

The lunar surface has a unique reflection characteristic 
of backscatter, which can produce large changes in ap- 
parent brightness as a function of the geometry of illumi- 
nation and observation. This characteristic has no 
counterpart in terrestrial photography. The variable 
geometry over the field of view, coupled with the lunar 
photometric characteristic, results in a nonuniform bright- 
ness within the area of a photograph. This effect is 
accentuated by a normal lens, which has reduced light 
transmission with angular distance from the optical axis. 
ImDerfections 

The mission photographs contain some imperfections. 
Where a blemish occurs on an 80-mm photograph that is 
one of a sequence, the area covered by the blemish ordin- 
arily will be included on one or more other frames of the 
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sequence because of overlapping coverage. Data loss will 
occur only at the start or end of a sequence where no over- 
lap is obtained, within 610-mm coverage (except for the 
5% overlap), and in singleframe exposures. Imperfections 
related to the intermittent processing were anticipated and 
recognized as inherent in the system. Those not expected 
are mostly of minor extent that become apparent only by 
critical examination. 
Imperfections in the photographs are described in the 
following paragraphs as a means of identification. With 
few exceptions they are scattered through many frames. 
The significance of the imperfections and the extent of 
their &ect on photographic quality is strongly dependent 
upon the use made of the photographs. 

Development Imperfections 

It was a recognized and accepted characteristic of the pro- 
cessing method that each time the processor was stopped, 
distribution of the imbibant in the Bimat would be 
affected, and thus affect processing in limited areas of 
the film. Partial dryout of the Bimat occurred in the 
diffusion channel between the Bimat supply and pro- 
cessor. Pressure exerted against the Bimat by a roller 
in the processor mechanism altered the imbibant dis- 
tribution between each processing period. When proce- 
ssing was resumed, the altered Bimat produced a narrow 
strip of incorrectly processed film. An example is shown 
in Figure 2.2-1. Other types of imperfection (Figure 
2.2-2) also related to intermittent processing originated 
at the line where the Bimat separated from the supply roll 
at the start of a processing period. A double mark (Fig- 
ure 2.2-3) caused by pressure of the Bimat metering 
roller during stop periods also occurred. 
Blemishes present in the photographs processed during the 
latter part of the mission appear as lobate loops or as 
patches of small rounded spots within which the image 
is lost. Partial- dry-out of the Bimat with resulting in- 
complete processing or poor contact with the film that 
impairs diffusion of the processing solution is presum- 
ably the cause. In some cases, the appearance of the 
marks suggests formation of small droplets of the im- 
bibant on the Bimat. Examples of these marks are 
shown in Figure 2.2-4. 

Small particles separated from the Bimat and adhered to 
the film. This occurrence increased toward the end 
of photography, indicating some deterioration of the 
Bimat These particles may be the source of some very 

small scratches that appear on the spacecraft film, as 
they would tend to collect on the platens and film hands 
ling equipment. 

Restricted Densitv Latitude 
~ ~~ 

d 

It should be noted that the maximum density latitude of 
the reassembled record corresponds to a restricted lumi- 
nance range in the original scene. The primary reason 
for this restriction was the need for maintaining a high 
signal-to-noise ratio throughout the information handling 
channel. This was accomplished by restricting readout 
to a density range of 0.3 to 1.3 on the Type SO-243 
film aboard the spacecraft. The lunar surface will fre 
quently exhibit a range of brightness that will produce 
image densities exceeding the above range, thus a photo- 
graph unavoidably may include both underexposed and 
overexposed areas. Exposure was selected on the basis 
of predicted brightness of the terrain type of interest with- 
in the area. Limited areas such as highlighted slopes, 
the area of bright rayed craters, and other areas of 
higher albedo thus may be overexposed. Steeper slopes 
facing away from the Sun may beunderexposed. Hard 
shadows invariably result in complete loss of informa- 
tion within their confines. 

Density Variations 

Some density variations are related to reconstruction of 
the individual framelets. One type occurs across the 
width of framelets and is due primarily to variation of 
focus of the linescan tube in the spacecraft. Modification 
of linescan tube and GRE focus partially compensated 
for this difficulty during readout in the latter part of the 
mission. In some photographs, a density variation ap- 
pears longitudinally on alternate framelets. This has 
been attributed to too slow an extinction or halo glow of 
the phosphor of certain GRE kinescope tubes. A mask- 
ing technique developed during the mission resulted in 
significant improvement. Small-scale longitudinal streak- 
ing that is attributed to phosphor granularity is also pre- 
sent in many of the photographs. This effect is char- 
acteristic of the individual GRE kinescope tubes and 
varies with each particular GRE. A density anomaly 
appearing in the moderateresolution photographs con- 
sists of a slight flare along the center of the edge adjacent 
to the time code and extends across the first one or two 
framelets. It may be caused by stray light from the 
timacode lights; however, this has not been confirmed. 
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Figure 2.2-2 Bimat Supply Separation Line 
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Figure 2.2-3: Double Mark by Bimal Metering Roller 
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Figure 2.2-4: Examples of Processing Marks 
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Smear - Noise Pattern 

Examination of the 35-mm GRE film under a magnifi- 
cation of 15 to 30 diameters - - the equivalent of up to 
225 times enlargement of the spacecraft film - - has re- 
vealed the presence of a small-scale density variation that 
resembles an extremely fine reticulation pattern (see Fig- 
ure 2.2-7). The cause of this noise pattern has not been 
established. This pattern must be recognized by the user, 
when examining the 35-mm GRE film under magnifica- 
tion, to avoid its interpretation as a very small lunar 
surface structure. The size of the pattern is nearly the 
size of the theoretical system resolution limit. 

2.2.1.2 SITE PHOTOGRAPHS 

Variation in the quality of photographs obtained at each 
site was anticipated because of the difference in character 
of the surface and terrain features, the illumination, and 
uncertainties in premission data on these and other fac- 
tors critical to photography. While the brightness and 
character of the target areas varied over a wide range, 
photographic quality was dependent upon selection of the 
best of only three shutter speeds. Optimum exposure 
could not, therefore, always be achieved. 

Data specifically defining the location of each photograph 
and the conditions under which it was taken are tabulated 
in Paragraph 2.3. 

Photographs obtained when the V/H sensor was not 
operating were of good quality. These are typified by the 
Earth-Moon photograph. Photographs takenwith theV/H 
sensor on, however, including those of the target sites, 
were smeared as a result of improper focal-plane shutter 
actuation. The image smear appears in three directions: 
IMC, film advance, and a combination of the two. Those 
photographs smeared in the IMC direction only may con- 
tain significant information in spite of this effect. This is 
readily apparent in Figures 2.2-5 and 2.2-6. Smallsurface 
features are easily recognized and their size and relative 
locations evident from the width of the image and its posi- 
tion. Presence of even smaller detail is indicated by the 
occurrence of fine striations of the smeared image. While 
the photographs obtained with the 610-mm lens in many 
cases provide information that may be of value in con- 
junction with that obtained by the 80-mm lens, it is of a 
qualitative nature because of degraded resolution and 
photometric properties. 

As the mission progressed and it became apparent that 
the problem with the focal-plane shutter could not be 
corrected,better exposure of themoderate-resolution photo- 
graphs then was  a prime consideration in selection of 
shutter speed. This action tended to accentuate the already 
near-minimum exposure by the 610-mm lens resultingfrom 
its lower light transmission. An analysis of the image 
smear is given in Paragraph 2.7. 

' 
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Figure 2.2-5: &ample of 610-mm and 
SO-mm Photography 
Site 1-2 
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Figure 2.2-6 Detail ii, 510-mm Photograph Frame 85 Dionysius 
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Figure 2.2-7: Noise Pattern 
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PHOTOGRAP,HIC COVERAGE OF SITE 1-0 

Figure 2.2-8 Site 1-0 Coverage 

Site 1-0, Figure 2.2-8, was photographed during frrst- 
ellipse Orbit 26 from an altitude of 208 km. This area, 
including upland terrain and Mare Smythii, lies close to 
the eastern limb as observed from Earth. Because of 
its location, data regarding surface character was un- 
certain or unknown. This included its albedo. The 
mare surface was the principal target area, and an 
albedo of 0.065 was assumed, based on comparison with 
apparently similar terrain types. 

The moderate-resolution photographs show that the selec- 
tion of a shutter speed of 0.02 second was satisfactory for 
the mare area although somewhat less would have been 
more nearly optimum. Since exposure selection was 
based upon a mare-type albedo, the upland areas to the 
west and east of Mare Smythii exceeded the desirable 
exposure. Because of improper focal-planeshutter opera- 
tion, approximately 25 to 30% of each moderateresolu- 
tion frame included an overlapping exposure from the 
6 1 0-mm lens. 
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Figure 2.2-9 Site 1-1 Coverage 

Site 1-1 (Figure 2.2-9) photographs cover the area ex- 
tending from the old flooded crater, Lubbock P, across 
a 45-km isthmus of upland terrain, and into Mare 
Fecunditatis to the crater Seochi X. The area thus con- 
tains both bright upland area and darker mare area of 
low surface relief. Significant areas of hard shadow 
occur only on some of the larger upland ridges and the 
interior of Secchi X. A few of the upland slopes facing 
the Sun exceeded the brightness latiiude of the system. 
The shutter speed of 0.02 second was correct for best 
representation of surface detail. Craters 8 to 9 meters 
in diameter can be detected in level areas, although the 
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combination of bright surfaces and smaller illumina- 
tion and phase angles resulted in images of low con- 
trast. Small craters and projections of this size can be 
discerned quite easily when they are located on slopes, 
crater edges, or ridges where contrasts are greater. 

In Figure 2.2-4 and following site coverage diagrams, the 
coverage, as determinedby photograph corner coordinates 
computed by the EVAL program, is outlined. The approxi- 
mate corners of the first and last photographs of the s e  
quence, as found by comparison of the photographs with 
the chart, are shown labeled “ACTUAL.” Refer to Para- 
graph 2.3.3. 
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Figure 2.2-10: Site 1-1 High-Resolution Photo 

Significant information is present in photographs of Site tures smaller than readily detectable in the 80-mm photo- 
1-1 obtained with the 610-mm lens, since smear occurred graphs. An example is shown in Figure 2.2-10. The 
only in the IMC direction. Some determination can be framelet widths in this photograph are 220 meters. 
made of the frequency and location of craters and fea- 
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Figure 2.2-11: Site 1-2 Coverage 

Site 1-2 (Figure 2.2-1 1) is predominantly upland terrain 
between the craters Maskelyne A and Censorinus X. The 
only maretype area is a portion of a bay on the south- 
ern edge of Mare Tranquillitatis. The western part of 
the area includes rugged terrain associated with Maske 
lyne A. Because of steeper slopes of the topography, 
the range of surface luminance exceeded the system lati- 
tude A shutter speed of 0.02 was selected on the basis 
of phase angle and albedo of the mare Site 1-2 photo- 
graphy was accomplished on the orbit following photo- 
graphy of Site 1-1. Therefore, data from the previous 
site was not available as a guide to exposure, and the 
predicted shutter speed was used. A shutter speed of 
0.01 second would have been suitable for the bright up- 
land area, but at the expense of detail in the mare area, 

This illustrates the difficulty of photographing an area 
including widely different character. Features at limit- 
ing resolution are detectable in the mare area, In the 
uplands, most features have a soft, rounded appearance 
without well-defined boundaries that makes detection of 
small objects difficult 

The 610-mm photographs, with the exception of the first 
frame, had good exposure, and as in the case of Site 1-1, 
provide some qualitative information regarding the occur- 
rence of surface features. The presence of features smaller 
than readily apparent in the 80-mm photographs is indi- 
cated by the narrow streaks in some areas of the smeared 
image. 
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Figure 22-12: Site 1-3 Coverage 

The quality of the moderateresolution photographs ob- 
tained at Site 1-3 (Figure 2.2-12) was satisfactory. The 
exposure time of 0.04 second resulted in photographs 
with acceptable overall density. However, flat terrain re- 
sulted in low contrast in the areas of interest, thus in- 
creasing the difficulty of detecting small features whose 
size is near the system resolution limit 
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Figure 2.2-13 Site 1-4 Coverage 

Eight frames were exposed at Site 1-4 (Figure 2.2-13). 
Because the slow sequencing mode was used, resulting in 
50% overlap of the moderateresolution frames, the area 
photographed is larger than planned. The area is p r e  
dominantly low-relief upland terrain, but includes some 
mare in the western central portion. The range of sur- 
face brightness is increased at this site also by inclusion 
of both upland and mare, and increased further by the 
ridges and slopes. The shutter speed of 0.02 second, 
indicated by a phase angle of 68.3 degrees and an 
albedo of 0.135, was used. Consideration was given to 
the mare area even though marginal overexposure was 

anticipated in the uplands. Analysis of the photographs 
has shown that an exposure of 0.01 second would have 
been more satisfactory. 

As in the photographs of Site 1-2, the 610-mm photographs 
of this site provide some qualitative information, particu- 
larly in areas where the surface luminance was high and 
the 80-mm photographs were overexposed. Utility of the 
610-mm photographs for aiding interpretation of bright 
areas was lowered by the techniques developed by per- 
sonnel at Langley Research Center for enhancing the 
overexposed 80-mm photographs. Refer to Paragraph 
2.6-3. 
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Figure 2.2-14 Site 1-5 Coverage 

1 

The photographs of Site 1-5 (Figure 2.2-14) show the 
area to be almost entirely a flat mare surface with few 
large topographic features. The moderate-resolution 
photographs of this site are of exceptionally high quality 
on the basis of exposure, resolution, and aesthetic ap- 
pearance. Exposure at this site is considered to be nearly 
optimum. 
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Figure 2.2-15 Site 1-6 Coverage 
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Site 1-6 (Figure 2.2-15) lies in the upland area south of 
Sinus Medii, and includes the area from Mssting A, 
the southern part of the old flooded crater Flammarion, 
and the uplands north of Herschel. The photographs 
show the area to be smooth, with gradual slopes and 
contours rather than a sharply delineated and rugged 
terrain as might be expected from the location. 

As for Site 1-4, a sequence of eight frames was exposed 
in the slow mode, which resulted in more extensive cover- 
age than planned prior to flight. 

The combination of high albedo (0.125) and small phase 
angle (54 degrees) resulted in a very high surface lumin- 
ance A shutter speed of 0.01 second was used but the 
moderateresolution frames were overexposed. It should 
be noted that 0.01 second is the fastest available on the 

Lunar Orbiter camera. Ideally, an exposure of 0.005 
second should have been used to prevent the image den- 
sity limitation being exceeded. Earlier mission plans, 
based upon then-available data, called for an exposure 
of 0.02 second, which would have resulted in disaster- 
ously overexposed photographs. This was changed to 
0.01 second as a result of revised USGS albedo informa- 
tion available just prior to launch. 

The short exposure reduced the image smear of the 610- 
mm- lens photographs and considerable terrain detail can 
be seen. An example of the high-resolution photography 
of Site 1-6 is shown in Figure 2.2-16. Detail such as 
shown provides qualitative information to supplement 
interpretation of the 80-mm photographs. The smaller 
IMC smear makes it possible to estimatethesize of objects 
smaller than apparent on the moderateresolution photo- 
graphs. 
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Figure 2.2-16 Site 1-6 Photographs - - 
Example of 610-mm and 
80-mm Photography 
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Figure 2.2-17: Site 1-7 Coverage 

Site 1-7 (Figure 2.2-17), predominantly flat mare area, 
was photographed at a phase angle of only 56.3 degrees. 
This small phase resulted in low-contrast photographs 
similar to those of Site 1-6. 
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Figure 2.2-18 Site 1-8.1 Coverage 

Site 1-8.1 (Figure 2.2-18) is also a flat mare area with 
no major topographic features. The larger phase angle 
resulted in greater contrasts than obtained in the previous 
two sites and more satisfactory exposure of the moderate 
resolution frames. 
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Figure 2.2-19: Site 1-9.2 Coverage 

Site 1-9.2 (Figure 22-19), which includes the Surveyor I 
landing position, is a flat mare with only the ring-hiis 
of the ghost crater Flamsteed P. Sequences of 16 ex- 
posures each were taken on each of two successive orbits. 
This resulted in a sideoverlap of 68.6% as well as 88% 

forward overlap of the photographs. The moderatereso- 
lution photographs are of excellent quality with respect to 
exposure, resolution, and appearance. Detection of Sur- 
veyor I could not be c o d l e d .  
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2.2.1.3 OTHER PHOTOGRAPHS 

A total of 55 dual-frame, were used to satisfy ppoto- 
graphic subsystem operating constraints and to obtain 

masses are not apparent because of the extensive cloud 
cover. Positions of the continents, shown in Figures 2.5-2 
and 2.5-7, were determined from the relative positions of 
the Earth and spacecraft at the times of exposure. 

special test data. Of these, -45 frames were used to ob- 
tain photographs of great interest not only to the Apollo 

maining ten were expended in camera operations for test 

door closed and are, &cept for the far- 

for the exposure, but remained in Sun-Canopus orientation 
or pitched off Sunline. 

* ~ ~ t $ ~ ~ ~ f  cz," ~ ~ ~ ' ~ ~ ~ ~ e ~ ~ t h ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~  

km These photographs were of major importancefrom the 

graphy for interpretation of lunar topography. The success 

oblique photographs for following missions. 

program but to the scientific cornmud@* The re area from a spawaft of approximately 1197 

Or Operational reasons. Four were made with the thermal standpoint of demonstrating the value of oblique photo- 
side photographs, the 'Pacecraft attitude was not changed of these photographs resulted in planning of additional 

Nearside PhotoEraDhs 
~~ 

Fifteen dual-frames were used to photograph areas consid- 
ered as prospective target sites. The photographs are in- 
tended as a guide to design of the following mission. All 
of these photographs were taken as single exposures, ex- 
cept for Site B- 11 where four frames were used. Twenty- 
two additional frames wkre used.to obtain supplementary 
photographs of the equatorial region. 

In some instances, the photographs were exposed without 
the V/H sensor operating. In two of these cases both 
high-and moderateresolution photographs are excellent. 
Smear due to spacecraft velocity is slight and requires 
magnification of the reassembled photographs to be ap- 
parent. 

Because of their number and variety, individual photo- 
graphs will not be described. It should be mentioned, 
however, that photographs of the evening terminator were 
successfully obtained. 

Farside Photographs 

Eleven frames were used to obtain photographs of the 
Moon's farside. These photographs were all taken at 
altitudes ranging between 1295 and 1453 km. and thus 
provide extensive coverage. A total of over 3 million 
square kilometers was  photographed, much of the area 
being included on more than one frame. Resolution on 
the photographs taken with the 80-mm lens is about 
240 meters, while that on the 610-mm photographs was 
30 meters. All photographs were taken aLan exposure 
of 0.02 second. Because of the altitude, each photo- 
graph covers a wide range of longitude and thus of 
illumination. The coverage of these photographs over- 
laps that of Site 1-0 and extends around to 100" W. 
longitude. The western limb region could not be photo- 
graphed because this area was not illuminated during the 
photographic phase of the mission. 

The photographs are of excellent quality and provide the 
first such detailed photographs of the farside. 

Earth Photographs 

During the second ellipse, two frames were used to obtain 
photographs of the Earth's terminator with V/H com- 
manded "OFF." The f is t  photograph was taken on 
August 23, 1966, at 1635:07.50 GMT with an exposure 
time of 0.01 second. This photograph, Frame 102, 
includes the Earth and a portion of the eastern l i b  of 
the Moon as viewed from the farside. The photograph 
shows Earth with slightly less than half of its nearside 
illuminated by the Sun. Cloud cover over the illumi- 
nated area of the Earth is very extensive. Continental land 

The second Earth photograph, Frame 117, was taken 
on August 25 at 0715:00.70 GMT with an exposure 
time of 0.02 second. This is a quarter-Earth photo with 
approximately 25% of the nearside of the Earth illumi- 
nated. 
A third Earth photograph was obtained inadvertently by 
the 610-mm lens on Frame 103. This high-resolution 
photograph, which is smeared, was exposed shortly after 
Frame 102 (Orbit 16) when the 610-mm-lens shutter was 
apparently activated by noise or electromagnetic interfer- 
ence. However, the moderateresolution portion of Frame 
103 correctly records a planned photograph of Site B-5 
taken on Orbit 18 of the second ellipse. 

Special Test 

Five frames scheduled to satisfy film-set constraints were 
used to perform special tests. These exposures were made 
with the camerg thermal door closed As an example of 
a test sequence, the following operations werecommanded 

1) Thermal door opened; 
2) V/H turned on; 
3) V/H turned 0% 

4) Thermal door closed; 
5) Shutter operated. 

This test was conducted to determine if V/H operation 
caused a transient pulse or noise that would trigger focal- 
planeshutter operation. If so, an exposure would appear 
on the 610-mm-lens format, but not on the 80-mm 
format The results of these tests are discussed in Sec- 
tion 2.5. 

2.2.2 RECONSTRUCTED RECOfiD 

At the DSIF site or site, receiving the transmission from 
the spacecraft, the video signal is demodulated and con- 
verted into the reconstructed photographic image. This 
operation is accomplished by the ground reconstruction 
electronics (GRE) and the associated equipment of the 
ground reconstruction system (GRS). Users of the 
35-mm reconstructed record film should note the fol- 
lowing: 

i 

1) The direction of scanning across the spacecraft 
film is reversed for successive framelets. Scanning 
of the spacecraft film begins at the edge having 
the preexposed edge data and traverses the film 
The direction of travel is then reversed, and 
scanning is carried out again, but the direction 
of scan across the framelet is not changed. (The 
framelets derived are designated A or B, d e  
pendent on the direction of scan). Edge data 
on B framelets appears reversed when viewed 
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with the film emulsion down or through the back 
of the film. The edge data occurs on the edge 
of the nearside photographs corresponding to 
the trailing edge with respect to the direction of 
travel over the lunar surface. 

No distinction is made between framelets of 
photographs taken with the 80- or 610-mm lens. 
This must be determined from the data index. 

The GRE reconstructed framelets of the 610-m-  
lens photographs are mirror images and must 
be reversed with respect to the edge data for 
proper representation and comparison with the 
80-mm lens photographs. The image reversal 
is produced by the folding mirror interposed in 
the optical train of the 610-mm camera. 

During readout, the video signal was reconstructed on 
two operating GRE’s and recorded on video tape at the 
DSIF site in view. When two sites were in view, four 
GRE records were produced. The 35-mm reconstructed 
record film was processed at the recording site prior to 
shipment to Eastman Kodak for reassembly and copy- 
ing. The video tape recordings were shipped to NASA 
Langley Research Center, where additional reconstruc 
tions were prepared for evaluation and interpretation of 
the photographs. 

2.2.2.1 PRIORITY READOUT 

Following photography of Site 1-0, processing time and 
camera operations were scheduled to permit readout of 
selected photographs or portions of photographs. The 
principal objectives of this procedure were to provide in- 
formation for operational evaluation, control, and veri- 
fication. The procedure also provided photographs for 
preliminary examination of the target areas. Prior to 
completion of photography and start of final readout, 
106 individual photographs or portions of photographs, 
including film-set frames and those of the Mission I tar- 
get sites, were read out. Before transfer from the first 
to second ellipse, seven complete and three partial mod- 
erate-resolution photographs and six complete and four 
partial high-resolution photographs of Site 1-0 were read 
out. 

Due to the high-resolution smear problem discussed p re  
viously, and requirements for evaluation of the shutter 
malfunction, premission planned scheduling and fim 
budget were revised. The priority readout accomplished 
during the mission is diagrammed in Figure 2.2-20. Photos 
read out in the priority mode were again read out in 
final readout. 

2.2.2.2 FINAL READOUT 

The Bimat was successfully cut August 30 (Day 242) 
at 1814 GMT during Orbit 65. Final readout began 
during the next orbit at 2046 GMT with readout of the 
Site 1-9.2 photographs. Final readout of allframes, in- 
cluding the Goldstone test image on the film leader, was 
accomplished without serious difficulty or malfunction. 
No degradation in quality of readout attributed to the 
subsystem was apparent through completion of final read- 
out. 

2.2.2.3 VIDEO TAPE 

During both priority and final readout, the video signal 

from the spacecraft was recorded on video tape by Am- 
pex FR-900 recorders. Since the recording tapes had in- ” 

sufficient capacity to record a complete final readout 
period, tape reels had to be changed during each se- 
quence with some loss of data, Duringfinal readout the 
time lost due to reel change had been reduced to about /I 

1 minute. 

The video tapes were shipped daily from each recording 
site to Langley Research Center, Hampton, Virginia, 
These tapes were used to prepare additional reconstruc- 
ted records using a GRE installation at this location 
(Refer to Paragraph 2.6). These reconstructed records 
were equivalent to the reconstructed records prepared at 
each site from the received video signal. 

2.2.3 REASSEMBLED NEGATIVES 

The 35-mm reconstructed record film, which had been 
processed at each recording site, was shipped to East- 
man Kodak, Rochester, New York, for reassembly into 
14-framelet subframes. The reassembly method and con- 
trol is discussed in Paragraph 2.5.5. 

During the first part of the reassembly operation, some 
difficulty was experienced in obtaining proper control of 
reassembly negative density. These problems were cor- 
rected and uniformity was improved. The nonuniformity 
of density between subframes appears most prominent in 
the frames from priority readout 

During reassembly the 7.2-times enlargement of the recon- 
structed record over the spacecraft fiim is reduced to 6.5 
times. Reassembly also results in an image reversal. Prior 
to the mission, the reassembly printer was set up to com- 
pensate for the reversal of the high-resolution photographs 
caused by the folding mirror in the optical train of the 
610-mm cameraonthe spacecraft. Themoderate-resolution 
photographs therefore are reassembled as mirror images. 
Data included in the title block of each subframe is ex- 
posed on the film in the reassembly printer. High-resolu- 
tion photographs are in proper orientation when the title 
block appears normal. For moderate-resolution photo- 
graphs, the data block appears as a mirror image. (The 
edge data appears reversed on high-resolution subframes 
and normal on moderate resolution.) A diagram of the 
reassembly process is shown in Figure 2.2-21. 

In the reassembly process, each subframe was given a 
subframe number that is the serial number of the sub- 
frame reassembly as carried out by Eastman Kodak. 
It does not correlate with the target site or photographic 
frame number. Reassembly was carried out in read- 
out sequence as received from the DSIF site. Due to the 
difference in shipping transit times, reassembly was not 
necessarily in the same order as the readout sequence. 

Hand reassembly of the 35-mm reconstructed record 
produced by a GRE operating from the Ampex FR-900 
video tape has been carried out for two purposes. Initial- 
ly, hand reassembled photographs were planned for use 
by mission advisors in evaluating mission photography 
and photo-subsystem operations, and to provide a limit- 
ed number of early photographs to the press. Subs& 
quently, the technique was adopted to provide high- 
quality positive transparencies for interpretation and 
evaluation, principally at Langley Research Center, Photo 
Data Assessment Facility, ACIC, and the USGS. 

34 



- - --- 

THIRD ELLIPSE 
a kll 

Figure 2.2-20 Priority Readout Diagram 

35 



i 

36 



. 

PROGRAM LUNAR COORDINATES AT 
PHOTO TIME 

2.2.4 STEREO COVERAGE 

The moderateresolution, widwoverage photographs ob- 
tained at each site provide overlap in the flight direction 
and can be used for stereo observation of all but a small 
area at the beginning and end of the coverage. No for- 
ward overlap exists for 13% of the first and last exposure 
of the sequence. 

Sequencing of exposures at all sites except 1-4 and 1-6 
was in the fast mode to provide contiguous high-resolu- 
tion coverage. Fast sequencing results nominally in 87% 
overlap of successive moderateresolution formats but only 
5% of the high resolution. The slow mode nominally r e  
sults in 50% overlap of moderateresolution phots. Se  
quencing is controlled by the V/H sensor, which adjusts 
timing to correct for variation in spacecraft altitude. The 
5% nominal overlap of the high-resolution coverage was 
provided to ensure that contiguous coverage would be 
obtained; there was no intent to provide appreciable high- 
resolution stereo coverage in these photographs. 

Priority readout provided stereo coverage with certain 
photos obtained in both the initial and final ellipses. Four 
stereo pairs included in the 20 frames exposed in the first 
ellipse were read out prior to transfer to the second ellipse. 
Stereo pairs read out during priority readout are indicated 
in Figure 2.2-20. 

Forward overlap of moderateresolution photographs of 
each site was  measured as the linear distance of image 
displacement in the direction of flight in successive 
frames, and then computed as a percent. No correction 
was made for crab angle, attitude, or surfacecurvature. 
A precise determination was not attempted. The overlap 
so determined is listed below in Table 2.271. 

- 

INPUTS 

Site - 

1-0 
1-1 
I -2 
I -3 
1-4 
I -5 
I d  
I -7 
1-8.1 
I-9.2a 
I-9.2b 

Overlap (%) 

88.1 
88.1 
87.8 
88.1 
53.8* 
88.5 
52.2* 
87.8 
88.0 
88.1 
88.1 

*Slow mode sequencing 

Table 2.2-1: Percent Forward Overlap 

The side overlap between Sites I-9.2a and I-9.2b was 
68.6%. 

OUTPUTS 

PHOTO LOCATION 
AND ORIENTATION IN 
LUNAR COORDINATES 

EMISSION ANGLE 

S/C ORIENTATlON 1 
DATA 

b PHOTO SCALE FACTOR I 
2 + 

k 

GEOMETRY SUN 
b PROGRAM DIRECTION AT PHOTO 

SUN, MOON 
EPHEMERIS 

P I (ILLUM I NATION) LOCATION 

Figure 2.3-1: Photo Supporting - Data Flow 
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A cursory stereo examination has been made of a few 
pairs of the moderateresolution photographs from sever- 
al sites, but no quantitative evaluation was attempted. 

The forward overlap was suitable for stereo examination 
at all sites except for a portion of the first and last 
frames of the sequences. The nonlinearity of the space 
craft optical-mechanical scanner, with some contribution 
by the GRE, has caused stereo distortion. This distor- 
tion is frequently severe between adjacent framelets and 
may introduce an apparent slope within a framelet ex- 
tending over an appreciable portion of itslength. Since 
no Reseau grid or reference marks are included in the 
photographs, precise correction of the distortion will be 
difficult. Stereo examination will, however, enable r e  
lative slopes over limited distances to be approximated, 
and low-relief topography to be detected and interpreted 
more readily. 

2.3 PHOTOGRAPHIC SUPPORTING DATA 

Interpretation and evaluation of the lunar photographs 
requires specific information regarding spacecraft posi- 
tion, attitude, altitude and velocity at the time each picture 
was taken. Computer programs (photo and evaluation) 
were developed that combined prediction requirements for 
photo mission control, with postmission data require- 
ments. Figure 2.3-1 illustrates the relationship between 
trajectory and spacecraft performance parameters required 
to compute the supporting data. 

Premission planning required that postmission photo data 
computations be made at the SFOF shortly after com- 
pletion of the photo mission. Postmission factors negated 
these plans and required that the backup capability at 
Boeing, Seattle, be used to provide this data based upon 
the orbit determination program made at the SFOF to 
support the mission operational phase. 

2.3.1 INPUT DATA SUMMARY 

Input data were obtained primarily from postflight 
analysis of the doppler tracking data using the FPAC 
computer program ODPL, postmission evaluation of the 
spacecraft attitude, and time of exposure as read from the 
GRE fiim. 

2.3.1.1 SPACECRAFT POSITION AND VELOCITY 

Postflight orbit determination defined spacecraft position 
and velocity just prior to the first commanded camera- 
on time of the sequence for all the Site “I” photos. In 
all cases, data from at least two orbits prior to the site 
orbit and at least one orbit after the site orbit were used 
in these calculations. Whenever a “ B” photographic 
site could be included in the data arc, this was done. 
With the exception of Site 1-0, all site determinations were 
gbtajne# by solving only for the state vector (x, Y, z, 
X, Y, Z) and using the values of the LRC lunar har- 
monic coefficients specified in Appendix B. ODPL Solu- 
tion 4138 harmonics were used for Site 1-0. 

Following is a list of the postflight orbit determination 
solutions and their relation to photo sites. Under “OD 
solution” are serial numbers assigned by the orbit deter- 
mination (OD) group; these state vectors for the s p d i c  
photo sites listed and the amount of tracking data pro- 
cesses to obtain them are given in Appendix B tables. 

State Vector 
for 

A 0  

83 

A1 

A2 

90A3 

A3 

B5 

A4 

8-7 

A5 

90A6 

A6 

B9A 

B10 

B9 B 

B11 

A7 

A7 

A7 

90A8A9 

A8.1 

A9. l a  

A9. tb 

O.P. 
Solution 

90AO 

90A1 A2 

90A1A2 

90A1 A2 

90A3 

90A3 

90A40587 

90A485B7 

90A4 05 87 

90A5 

90A6 

90A6 

90A6 

90A6 

90A6 

90B11A7 

90B11A7 

9081 1A7 

9OB1 lA7 

90A8A9 

90A8A9 

90A8A9 

90A8A9 

Frame 
Number 

5-24 
25-27 

50 
51 

52 -67 

68-83 

84 

85-100 

103 

105-1 12 

113-1 14 
115-1 16 

118-1 13 

140 

141-148 

149 

150 

151 

153-1 56 

157- 172 

1 73 

1 74 

1 75 

1 76- 1 83 

184-199 

200-215 

Target 

I4 
Film Set 

8-3 
Film Set 

1-1 

I -2 

Film Set 

1-3 

8-5 

1-4 

8-7 
Film Set 

I -5 

-- 
1-6 

B-9 

B-10 

8-9 

B-11 

I -7 

I -7 
Film Set 

Terminator 

1-8.1 
Film Set 

1-8.1 

1-9.2a 

I-9.2b 

Appendix B Tablea 

AU Tim-set sites were lower priority targets and hence 
were not supported by a postfliiht orbit determination 
except when it was convenient to include them in the “1” 
site data arcs. This remaining group of photos was 
analyzed using inflight orbit determination results as 
indicated in the following list 
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State Vector O.D. Frame 
for I Solution I Number I Target 

4150 

Predicted 
Post-1st Transfer 

4150 28-42 -- 
44-47 I 

5122 48-49 8-2 

Predicted 134-135 8% 
Port-2nd Transfer1 5128 I 136-139 I -- 

Longitude 

0.0053 dag. 
0.161 km 

0.0056 deg. 
0.170 kin 
0.0143 deg. 
0.430 km 

The photo supporting data resulting from the use of in- 
flight determinations is not as accurate as that generated 
using the “90-” series (posfflight) OD data. 

2.3.1.2 CAMERA-ON TIMES 

Camera-on times were obtained by reading the digital 
time code exposed on the spacecraft film when the 80-mm 
shutter actuated. A computer routine (TIML) was devel- 
oped and used to convert the spacecraft time, contained 
at the start of each telemetry frame, to the correct time 
and provide a tabulation of significant parameters at 
10-minute intervals during any specified period. The 
digital format was converted to decimal values for entry 
into the TIML tabulations and the GMT time of expo- 
sure determined. 

Latitude 

0.0092 deg. 

0.279 km 

0.0108 deg. 
0.327 km 

0.0147 dag. 
0.435 km 

2.3.1.3 SPACECRAFT ATTITUDE 

The roll, pitch, and yaw maneuver angles shown in 
Table 2.3-1 were used to describe the gttitude of the 
spacecraft throughout each photograph sequence. O+y the known roll offsets (from postmaneuver drift analysis) 
were added to the commanded roll angle. No attempt 
was made to incorporate the variations of pitch and 
yaw errors within the attitude-control limit cycle in the 
calculation. Note that all roll maneuvers were executed 
about the Sunline (H roll). 

2.3.1.4 SITE EVALUATION 

The following selenocentric site radii were provided by 
NASA and used in obtaining photo support data: 

Site 

I- 1 

1-2 

1-3 

1-4 

1-5 

1-6 

1-7 

1-8.1 

1-9.2 

Radius (km) 

1739.5 

1741.0 

1738.5 

1742.0 

1741.0 

1743.0 

1740.5 

1738.0 

1739.5 

All other sites were analyzed using 1738.09 km as site 
radius. 

Frame No. 
or Slte 
5-24 (1-0) 
25 
27 
28 
29 
30 
31 
32 
33 
34 

35-40 
41 
42 
44 
46, 47 
48, 49 
50, 51 

52-67 (1-1) 
68-83 (1-2) 

84 
85-100 (1-3) 

102 
103 

105-1 12 (1-4) 
113, 114 
115 
116 
117 

118-133 (1-5) 
134 
135 
136 
137 
138 
139 
140 

141-148 (Id) 
149 
150 
151 

153-156 
157-172 (1-7) 

I73 
1 74 .. . 
1 75 

176-183 (1-8.1) 
184-199 1-9.2) 
200-215 11-9.2) 

Note: Frc 

Roll Des. 
3.85 
-2.87 
0.38 

-179.65 
0.2 

-179.65 
0.5 
0.5 
0.5 
0.5 

180.0 
-0.8 
2.4 
1.3 
-2.6 
-0.9 
-1.95 
5.43 
5.43 
-2.95 
5.95 

5.94 

188.8 
-1.5 

-0.1 

180.0 
187.2 
6.5 
1.95 
-2.1 
181.9 
0.4 
-0.9 
-1.6 
-1.5 
7.18 
1.9 
I .3  

28.0 
14.0 

-3.2 
-1.8 
-2.5 

7.56 

8.49 
8.13 
8.15 

es not 11 

Pitch Dag 

12.45 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
12.46 
12.48 
0 
12.6 
25.6 
0 
12.5 
0 
0 
0 
45.4 
12.6 
0 
0 
0 

-35.7 
0 
0 
0 
12.9 
0 
0 
0 
0 
12.8 
0 
0 
0 
12.81 
12.81 
12.8 

d were t 

Yaw Dog 
- 8 . 1  
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
9.60 
4.98 
0 
1.6 
0 
0 
-2.4 
0 
0 
0 
0 
-2.3 
0 
0 
0 
1.5 
0 
0 
0 

-16.7 
0 
0 
0 
0 

-12.9 
0 
0 
0 

-1 1.33 
6.86 
8.3 

n withc 

Order 
ROLL, YAW, PITCH 
ROLL 
ROLL 
ROLL 
ROLL 
ROLL 
ROLL 
ROLL 
ROLL 
ROLL 
ROLL 
ROLL 
ROLL 
ROLL 
ROLL 
ROLL 
ROLL 
ROLL, YAW, PITCH 
ROLL, YAW, PITCH 
ROLL 
ROLL, YAW, PITCH 
ROLL, PITCH 
ROLL 
ROLL, YAW, PITCH 
ROLL 

ROLL 
ROLL, PITCH 
ROLL, YAW, PITCH 
ROLL 
ROLL 
ROLL 
ROLL, YAW, PITCH 
ROLL 
ROLL 
ROLL 
ROLL, YAW, PITCH 
ROLL 
ROLL 
ROLL 
ROLL 
ROLL,YAW, PITCH 
ROLL 
ROLL 
ROLL 
ROLL, YAW, PITCH 
ROLL, YAW, PITCH 
ROLL, YAW, PITCH 

maneuvers. 

Table 2.3-1: Photographic Maneuver Angles 

2.3.2 ACCURACY OF CALCULATIONS 

The accuracy of data presented in the photo supporting 
data tabulation was estimated by performing a simpli- 
fied error analysis using typical photo and orbital para- 
meters, and the best estimates of errors in the flight 
hardware. The study scope was confined to an investi- 
gation of uncertainties in photo location and spacecraft 
altitude for the prime photo sites. A brief summary of 
the estimated lo  errors is given below: 

Photo Centers 
Arc Distance 

Photo Corners 
High Resolution 

Medium Resolution 
Arc Distance 

Arc Distance 

Standard Deviations 

Altitude 
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2.3.2.1 ERROR SOURCES 

For each primary input to the photoevaluation pro- 
gram (attitude maneuvers, time of photos, and state 
vector), there is some uncertainty of the exact value; 
each contributes something to the total uncertainty or 
error in the photo parameters. The following discussion 
identifies the various factors and their relationship to the 
uncertainty in longitude and latitude of photo centers 
and corners, and in photo altitude. 

Timing Errors 

After the timecode data is corrected for spacecraft clock 
errors, a timing uncertainty of 0.05 second stii exists, 
which is due to roundoff, since the time given is correct 
only to the nearest 0.1 second. Distribution of the error 
is uniform, but relies on the definiton of one standard 
deviation - - that number which encompasses 68% of the 
possible cases, the standard deviation of the timing error 
being 0.034 second. A typical value for horizontal 
velocity at the time of photography is 1.9 kilometers per 
second; hence, the distance traveled downrange is: 

1.9km/s x 0.034sec. = 0.065 km 

Using an altitude of 50 kilometers as representative of 
those for the prime sites and an inclination figure of 12 
degrees, the distance traveled downrange can be con- 
verted into degrees of longitude and latitude on the lunar 
surface: 

AX = 0.0020 degree (longitude) 

A p  = 0.00045 degree (latitude) 
Uncertainty of exact photo time also contributes a small 
uncertainty of photo altitude. A typical value of mean 
altitude rate is 0.5 km/s, thus, 

Ah = 0.05 kmf s x 0.034 sec = 0.002 km 

Attitude Maneuver Errors 

Spacecraft attitude, and thus the camera pointing direc- 
tion, is not precisely known. The dominant error source 
in the attitudecontrol system is limit cycle error, which 
is inherent in system design. When all other sources 
(gyro drift, resolution error, V/H converter error) are 
included, the la resultant error after a photo maneuver 
is about 0.12 degree in all axes. Using this figure ips 
camera pointing error, and dividing the error equally in 
longitude and. latitude, 

AX, A p  = 0.00246 degree 

Uncertainly in State Vectors 

Accuracy of the state vectors must be considered with the 
uncertainties in actual photo location. Typical uncertain- 
ties for a state vector at a photo site would be: 

a, = 76m aj, = 0.14m/s 

aY = 130m a9 = 0.33m/s 

aZ = 275m ai = 0.50m/s 

The contribution in total error due to velocity component 
uncertainty is negligible, but the uncertainty in position is 
to be determined. Assuming a spacecraft attitude of 
50 km, 

uA = 0.0042 degree 

up = 0.0088degree 

The uncertainty in spacecraft attitude due to uncertainty 
in the position vector at the time of the photo is estimated 
simply, 

u r = (“-2 +ay2 + a 3 d 2  

a = 0.314km r 

2.3.2.2 UNCERTAINTY IN SITE EVALUATION 

Evaluation of prime photo sites above or below the mean 
radius of the Moon is known ( l a  basis) only to within 
about 1 km. Since the camera axis intersect is only very 
slightly different from the nadir (prime sites only), site 
evaluation uncertainty has no noticeable effect on loca- 
tion of the photo centers. However, location of the photo 
corners is directly dependent on site evaluation, and this 
relationship is to be investigated. Also, because the high- 
and medium-resolution lenses have different fields of 
view, the effects must be studied separately. 

High Resolution 

The high-resolution field of view is 20.36 degrees in the 
crossrange direction and 5.17 degrees in the downrange 
d i r y  An orbit inclination of 12 degrees and space 
cr t altitude of 50 km are assumed. The longitude and 
latitude components in the crpssrange direction were 
determined, 

AX c = 0.0012 degree 

Ape = 0.0058 degree 

Uncertailaty due to the 5.17 degrees field of view down- 
range is similarly calculated 

AXd = 0.00147 degree 

Apd = 0.0031 degree 

Having found the downrange and crossrangecomponents 
of uncertainty, it is necessary to sum these to complete 
the estimate of uncertainty in photo corner location due to 
site elevation, 

AX = (Ah? + AM)  0.0019 degree (high- 

resolution longitude) 

A p  = (Apc2 + Ap&)’I2 = 0.0058 degrd (high- 

resolution latitude) 
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Medium Resolution 
~ The medium-resolution-lens field of view is 44.24 degrees 
crossrange by 37.92 degrees downrange. Proceeding in 
identically the same manner, 

PAC = 0.0027 degree 
A p c  = 0.0131degree 
Apd = 0.0112 degree 
AAd = 0.0023 degree 

AA E 0.0133degree 
A p  = 0.0115degree 

Summing the downrange and crossrange components, 

2.3.2.3 SUMMATION OF ERRORS 
Sources that are known to contribute uncertainty to photo 
locations and altitude and that have been investigated 
here are independent; hence, they can be lumped together 
by the root-sum-square method. 
For the photo corner locations, effects due to uncertainty 
in site elevation must be added to the below figures for 
uncertainty in photo center location. This is done for 
both the high- and medium-resolution cases below. 

It is repeated that the frames evaluated by use of in- 
flight orbit determination are not as accurate as those 
for which postflight OD was done using improved data 
Where conflict with actual photos is observed to exist, 
the EVAL data must be adjusted to obtain meaningful 

Photo Centers 

0.0005 degree 

0.0025 degree 

values. For instance, an error in longitude of frame 
locations requires approximately a oneto-one correction 
to the incidence angle printed (+ if away from Sun, - if 
toward Sun). 

~ 

0.002 km 

- -  

2.3.3 PHOTOGRAPH FRAME COORDINATION 

0.0092 degree 
0.279 km 

Preliminary attempts were made to correlate the lunar top 
ographic features in Mission I photographs with existing 
1:500,000 and 1: 1,000,000 scale Mercator charts. It was 
immediately apparent that such a correlation could only 
be approximate. In most cases, features larger than several 
kilometers could be identified on both charts and photo- 
graphs. However, discrepancies amounting to severalkilo- 
meters were frequently found between relative positions 
of these features. In other cases, features over two or three 
kilometers, seen in the photographs, could not befound on 
the charts or features depicted on the charts could not be 
identified on the photographs. The limitations that have 
been imposed by Earth-based observation in preparing 
current lunar charts, in some instances make their use for 
precisely locating the position of Lunar Orbiter photo- 
graphs diffcult. In plotting locations of photograph cor- 
ners on the charts by the above method, deviations of as 
much as an order of magnitude greater than the errors 
shown in Paragraph 2.3.2.3 from the computed positions 
were noted These deviations are shown graphically in the 
site coverage plots in Paragraph 2.2. This effortconfirmed 
that an extensive study w& be required to transfer the 
topographic information from the un rd i ed ,  non-ortho- 
graphic projection photographs to lunar chart form. 

0.315 km 

Source 

Photo Timing 

Camera Pointing 

Position 

RSS Total 
Arc distance on 

lunar surface 

Photo Corners 

Wh 

0.0020 degree 

0.0025 degree 

0,0042 degree 

0.0053 degree 
0.161 km 

High Resolution 

Source 

Site Elevation 

Total of others above 

RSS Total 
Arc Distance 

Medium Resolution 

Source 

Site Elevation 
Total of others above 

RSS Total 

Arc Distance 

UP I u v  

0.0088 degree I 0.314 km 

Wh 

0.0019 degree 

0.0053 degree 

0.0056 degree 
0.170 km 

WX 

0.0133 degree 
0.0053 degree 

0.0143 degree 
0.430 km 
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0.0108 degree 
00.327 km 

0.0115 degree 
0.0092 degree 

0.0147 degree 

0.435 km 



Furthermore, the currently available“ actual” postmission 
EVAL data for frame coordinates have limited value in 
this application because of the assumptions made in the 
EVAL computer program. In this program the Moon was 
assumed to be a sphere, with each Mission I site assigned 
a given fixed selenographic radius. Consequently, ela 
vation differences over a given site were not considered. 
Also, spacecraft dynamics were simpliied and did not 
include pitch and yaw errors in the “actual” EVAL com- 
putation of frame corner coordinates. Further compli- 
cations were introduced by uncertainties in timing, as 
well as by the different fields of view of the medium- 
and high-resolution cameras. To establish corner coordi- 
nates, and to properly correlate mem to existing lunar 
charts, a full photogrammetric space resection should be 
performed. Each usable frame must be analyzed with 
respect to spacecraft position, altitude, velocity, and atti- 
tude prevailing at the moment a given target area was 
photographed. In turn, these factors must be related to 
camera geometry and the lunar surface. Because of their 
complexity, these studies cannot be completed to support 
this report, Further uncertainties in positional accuracy 
are inherent in the Lunar Orbiter photographic system. 

The Schneider Xenotar lens used for the moder- 
ate-resolution photographs is not aphotogramme 
tric lens and as such introduces some distortion. 
However, this lens was calibrated to provide cor- 
rections. 
Processing of the film aboard the spacecraft and 
the subsequent reconstructed record introduces 
distortion of the film image. These distortions 
are sensitive to temperature and relative humidity 
of each film or copy generation. 
A random error in the mechanical scan direc- 
tion of the optical-mechanical scanner introduces 
one of the major errors in the spacecraft camera 
system. There are no means for measuring and 
correcting this error in Mission I photographs. 
The optical-mechanical scanner may also intro- 
duce a small error in the film-advance direction. 
Slight errors in both the longitudinal and trans- 
verse direction with respect to the spacecraft film 
may be introduced by the reassembly process. 

Addition of Reseau marks pre-exposed on the spacecraft 
film has been implemented for subsequent missions because 
of the importance of metrical measurements on the photo- 
graphs and because the above noted error sources are not 
fully controlled 

Although the primary objective of the Lunar Orbiter mis- 
sion was to secure topogra hic data regarding the lunar 
surface, there was no spec& requirement established for 
photogrammetric accuracy (to produce accurate maps 

having topographic detail). The detailed error analysis, 
as discussed above and necessary for this type of photo- 
graph utilization, was not made and has not been incor- 
porated into the photo data reduction as tabulated in 
Table 2.3-3. 
2.3.3.1 PHOTO IMAGE DISTORTION 
The final photo image in the spacecraft camera is dis- 
torted by an aggregate of internal camera phenomena. 
These can be conveniently lumped into two areas: (1 1 
uncalibrated lens distortion; and (2) thermal-chemical 
emulsion distortions. 

? 

Lens Distortions 
The Lunar Orbiter I mission was predominantly recon- 
naissance rather than cartographic. The 80-mm Xenotar 
lens used was chosen for its excellent resolution rather 
than metric fidelity. A typical 80-mm focal- length Xeno- 
tar can have as much as 340 p maximum distortion and 
still qualify as a suitable reconnaissance lens. This can 
be contrasted with a selected, 76mm focal-length map- 
ping Biogon that has a maximum distortion of 30 
radially and 10 p tangentially. 
Because of the desirability of metrical measurements, the 
80-mm lens was calibrated to provide data on radial and 
tangential distortions as described in Paragraph 2.4.1.1. 
The data from these measurements have been provided to 
NASA. This type of calibration of the 610-mmlens was 
not a requirement. 
Thermal-Chemical Emulsion Changes 

The Lunar Orbiter I mission used Type SO243 film for 
the photography because of its high-resolution character- 
istics. Since SO-243 uses a triacetate base, it does not 
have the extreme dimensional stability characteristic of 
estar (mylar) base films used for cartographic photo- 

Photographic film changes under the following primary 
influences: 

1) Changes of temperature and humidity; 

2) Aging, long term and short term; 

3) Processing. 

graphy. 

Second-order parameters influencing dimension changes 
do not contribute significantly. The unpredicted image 
distortion expected in Lunar Orbiter I photography from 
the cited internal camera influences is summarized in 
Table 2.3-2. It is emphasized that this table is by no 
means exhaustive, and is presented to show orders of 
magnitude of the problem rather than to determine a 
cartographic error budget for the film. 

ASSUMING 60-MM IMAGE AREA WIDTH, RANDOM DIMENSION 

MAXIMUM METRIC LENS DISTORTION FOR TYPICAL 80-MM FL. 

UNCERTAINTY = 120~1 

XENOTAR = 34018 

PROCESSING DIMENSION 0.08 - 0.10 0.09 _ _  0.09 AT 40-KM VEHICLE ALTITUDE, l #  FILM EQUALS 0.5 METER O h  
CHANGE SURFACE OF MOON. THEREFORE, THE INTERNAL THERMO- 

FILM AGING PAST 0.15 -0.25 0. I5 -- 0.15 l/2 KM OF IMAGE DISTORTION IN LUNAR ORBITER I 
PROCESSING PHOTOGRAPHY. 

CHEMICAL PLUS LENS DISTORTIONS CAN ACCOUNT FOR UP TO 

. 1 RSS = 0.20% I 
Table 2.3-2: Sources of Image Distortion 
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HORIZONTAL VELOCITY 

MEAN \ ALTITUDE RATE 

SURFACE 
NORMAL 1 TILT ANGLE / 

Iv Figure 2.3-3 

2.3.4 PHOTOGRAPHIC SUPPORTING DATA 
TABLES 

0-  - NADIR POINT 

T%- TILT AZIMUTH 

Photographic Geometry 

to obtain the desired coverage for each photo sequence. 

The following is a definition of terms used in the EVAL 
program and, with one exception, are the same terms and 
definitions used in the supporting-data tables. The single 
difference is that the term “camera axis magnitude” in 
the EVAL tabulation is identifed as “slant distance” in 
the supporting-data table. Figure 2.3-3 is a diagram of 
the geometry of these parameters. 

The information presented in the supporting data tables 
has been extracted from the computer program EVAL 
tabulated output. Figure 2.3-2 is a sample of EVAL pro- 
gram tabulations. The EVAL program was developed 
to satisfy the operational requirement of predicting photo 
coverage and determining spacecraft maneuvers required 
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Definition of Terms Scale Factor: The proportionality constant to relate 
dimensions on the spacecraft film to dimensions on the 
lunar surface. Given for both 610-mm and 80-mm 
camera systems 

Side Overlap Ratio: Ratio of amount of overlap to 
frame dimension perpendicular to flight path. (e.g. on 
adjacent orbits) 

Spacecraft Altitude: Altitude of spacecraft above Moon 
surface. 

Spacecraft Radius: Distance from spacecraft to Moon 
center. 

State Vector: Spacecraft position and velocity components 
in selenographic (of date) coordinates at the time of 
photo. 

Sun Angle at Nadir: Angle between the spacecraft/nadir 
line and the Sun's rays. 

Sun Arc at Nadir: Arc length from the nadir point to 
the intersection on lunar surface of Moon center to Sun 
center line. 

Sun Azimuth at Principal Ground Point: Azimuth of 
Sun's rays at the camera axis intersection, measured 
clockwise from north. 

Surface Normal: A line normal to the Moon surfaceat 
the point of camera axis intersection. 

Swing Angle: Angle between cross-axis of fiim frame 
(the Y'axis) and a line from center of the frame to the 
image of the nadir point. Measured positive clockwise 
from the positive Y'axis. 

Tilt Angle: Angle between the camera axis and the 
spacecraft/nadir line. 

Tilt Azimuth: Azimuth of principle ground point from 
spacecraft nadir. 

Camera Axis (Slant Distance): Direction cosines and 
magnitude (selenographic of date) of camera axis at 
time of photo. 

C1, C2, C3, C4: Direction cosines and magnitude (sel- 
enographic of date) of the vectors from spacecraft to 
photo corners. 

Direction Cosines to Target: The direction cosines and 
magnitude (selenographic of date) of the vector from the 
spacecraft to the point targets. 

Emission Angle: Angle between surface normal and the 
camera axis. Also, the angle between the photo image 
plane and the subject plane. 

Forward Overlap Ratio: Ratio of amount of overlap to 
frame dimension along the direction of the flight path. 

Horizontal Velocity: That component of spacecraft velo- 
city perpendicular to a radial line through the space- 
craft and in the direction of the flight path. 

Image Motion Compensation (V/H): The IMC rate is 
the instantaneous rate of movement of the image across 
the focal plane and is a function of spacecraft velocity 
and its height above the surface (V/H ratio), and the lens 
focal length. 

Incidence Angle: The angle between surface normal and 
the Sun's rays. 

Longitude (latitude) Arc Length to Target: Arcdistance 
measured on lunar surface between the meridian (paral- 
lel) through the spacecraft nadir and the meridian (paral- 
lel) through the target. (+ is east longitude or north lati- 
tude). 

Longitude (latitude) of Camera Axis Intersect: The 
selenographic longitude (latitude) of the point on Moon 
surface intersected by the camera axis. (+ is east longi- 
tude or north latitude). 

Longitude (latitude) Distance to Target: Angular dis- 
tance in longitude (latitude) between camera axis inter- 
sect and point target. 

Longitude (latitude) of Nadir Point: The selenographic 
longitude (latitude) of the point on the Moon's surface 
directly below the spacecraft. 

Mean Altitude Rate Rate of change of altitude with r e  
spect to time. 

North Deviation Angle: Deviation of north from the 
cross frame (cross) frlm axis (Y-axis) measured clock- 
wise. 

Phase Angle: The angle between the camera axis and the 
Sun's rays. 

Principal Ground Point: Intersection of camera axis with 
the lunar surface 

Resolution Constant: The theoretical ground resolution 
of the high-resolution photographs. Moderate resolution 
is larger by a factor of 8. The constant is equal to actual 
altitude in km divided by 46 (the nominal altitude giving 
1-meter resolution on the high-resolution photographs). 

Tilt Distance: Distance from the image of the camera 
axis intersect to the image of the nadir point measured 
on the spacecraft fdm. Given for both high-and low- 
resolution frames. 

Time between Photos: Predicted time between exposure 
of current frame and succeeding frame taken in a film 
sequence based on the V/H at the time of current frame. 
Time from Periapsis: Time in seconds before (minus) 
or after (plus) periapsis passage. 

True Anomaly: The angle in the orbital plane measured 
from periapsis to the spacecraft in the direction of motion. 

Direction of Motion: The arrow that appears on the 
printout illustrates the general direction of spacecraft 
motion for determination of the photo footprint orien- 
tation. 

Photo Footprint: Numbered asterisks that appear on the 
printout which represent the four corners of the photo 
frames as projected on the lunar surfaces. Adjacent to 
each of the asterisks are the longitude and latitude of 
that comer of the footprint; between the asterisks is the 
surface distance in kilometers between those corners. 
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Information required to support the photo analysis func- 
tion was coordinated with NASA and the user agencies 
during the program design period. These requirements 
were implemented in the form of the double page tables 
of supporting data, Table 2.3-3. 

All of the spacecraft position and attitude data is listed 
on the left-hand page. The data tabulations on the right- 
hand page are grouped to support the high- and mod- 
erateresolution photographs. The prediied corner posi- 
tions are based on normal operation of each camera. 
Each line in the table presents all of the supporting data 
for that dual exposure. Spacecraft exposures 102 and 
117 (Earth-Moon photographs) are not included in the 
table because of their unique conditions. These two 
photographs are discussed in detail in Paragraph 
2.5.1.2. 

Abnormal operation of the high-resolution-cara focal- 
plane shutter caused these photos to be taken at different 
times than commanded. Although many of these photos 
contained smeared lunar features, it was possible to 
identify the coverage within the corresponding moderate- 
resolution photo by lunar features. This matching study 
was initiated but, due to capacity limitations of the re- 
assembly printer delaying the delivery schedule of re- 
assembled photographs, it was not completed prior to 
the deadline of this report. Therefore, data for correction 
of the predicted corners of the high-resolution photo- 
graphs is not included in this report. 

The supporting data in Table 2.3-3 has been arranged 
by order of exposure for each primary site. This is then 
followed by the photo subsystem constraint photographs 
arranged by order of exposure for farside, Mission I1 
sites, nearside areas of interest, and special test sequences. 

The theoretical on-axis ground resolution of the photo- 
graphs is given by: 

High resolution 

H 
46 

R = -  

Moderate resolution 

H R =  - 
5.75 

where R = ground resolution in meters, 

and H = actual altitude, in kilometers, of the spacecraft 
at the time of exposure. (Column 5, Table 

System resolution = 3 scan lines (0.09) on GRE record. 

2.3-3) 

The convention for presenting the coordinates of the four 
corners is illustrated in Figure 2.3-4. 

DIRECTION OF FLIGHT 

C B 
Figure 2.34 

Corner Coordinate Designation Convention 
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PHOTO 

1.1 52 
53 
54 
55 

56 
57 
58 
59 

60 
61 
52 
53 
I, "" 

t.2 fS 
;a 
73  -. . ,  

79 

E3 
31 
€2 

UIT 

DEG 

0.01 

1.90 
1.78 
1.65 
1.53 

1.41 
1.28 
1.16 
1.04 

0.91 

0.67 
0.79 

0.55 

0.42 
0.30 
0.18 
0.05 

.1.M 

.1.14 
v1.27 
-1.40 

.0.61 

.0.64 
vO.67 
.0.70 

0.74 

0.80 
-0.83 

, O . n  

,0.86 

iSTlMATED - 
45244.2 
45254.1 
45264.0 
45273.8 

45583.5 
45393.5 
45333.4 
45313.2 

45323.0 
4533.8 
45342.7 
45353.9 

45362.2 
45372.0 
b5381.7 
45391.5 

15477.0 
45b37.1 
45k97. 3 
15507.4 

7e580.2 
7? SP2.6 
78685.0 
72687.4 

78492.3 
78691r. 7 
72597.1 

78689.8 

78599.6 
78702.0 
767C4.5 

7e700.4 
-:-11*g I "  

7d;lb. 3 

7 m 5 .  9 

7S:lS.B 

S l l & ?  
?1--9.3 
9251.7 
91154.1 

31155.5 
911y2.9 
91161.3 
91163.7 

91155.1 
91159.5 
91173.9 
91173.3 

91175.7 
91178.1 
91120.5 
91162.9 

GROUND 
POINT 

LONG 

DEG 

0.ON 

83-99 
84.56 
85.14 
85.71 

86.27 
85.85 
87.42 
88.09 

88.56 
89-13 
89.71 
90.27 

90.84 
91.41 
91.97 
92.54 

97.51 
98.10 
98-69 
99.29 

40.79 
40.93 
41.08 
41.23 

41.38 

41.68 
41.82 

41-53 

41.8 

TIME OF EXPOSURE 

RORI 0.0: 

291.60 
291.64 
293.93 
295.55 

297.64 
300.561 
5;k.a 
311.02 

321.43 
339.87 
10.19 
41.C2 

~ 

SPACECRAfT 

99.21 347.7 
100.2 347.7 
101.5 347.6 
103.1 347-6 

105.2 347.6 
109.1 347.6 
112.2 347.6 
118.6 347.6 

129.0 347.6 
147.5 347.6 
177.7 3k7.6 
2S3.6 347.6 

- 
ALT RT 
- 
( M / S E (  

D.001 - 
-.@1 
-.m 
-.w3 
- A 9  

-.e65 
-.62 
-.0p 
-SO55 

-.051 - ,047 
-.043 
-.m 
-.os - .op 
-.I29 
-.024 

-.m 
.012 
.016 . ox) 

.011 
,012 
.014 
.015 

.016 

.019 

.017 

.e20 

.021 

.022 

.024 

.c25 

.e26 
* 027 . a9 
.030 

-.a3 
-.025 
- . e 5  
-.024 

..023 
-.G21 - .020 - .019 

- .018 - .017 - .015 - .014 
..013 
..Ol2 
..010 
-.cog 
- 

60.d 
59.85 

54-95 
54.37 
53.7; 
53.2C 

62.44 

- 
UT 

DEG 
- 
- 
0.01 

1.66 
1.55 
1.44 
1.33 

1.22 
1.ll 
1.00 
0.89 

0.78 
0.67 

0.45 

0.34 

- 

0.56 

0.23 
0.13 
0.05 

..@4 
4.05 
,1.17 
,1.28 

.0.62 
,O.65 
. O . O  
tO.71 

0.74 
0.78 
0.81 
~0.84 

,0.87 

'0.93 
.0.90 

0.95 

3-99 
1 . M  
1.05 
.LO3 

0.30 
0.27 
0.2b 
0.21 

0. la 
0.15 
0.12 
0.39 

0.06 
0.03 
3.00 
0.03 

0.6 
0.W 
0.12 
0.15 
- 

2.2 
2.7 

7.2 
7.7 
8.2 
8.8 

1.5 

- 
LONG 

DEG - 
0.006 - 
84.61 
85.11 
85.62 
86.13 

86.63 

87.65 
88.16 

88.67 

87 * 15 

8g. 18 
89 * 69 
90.19 

9 - 6 9  
91.21 
91-71 
92.21 

96.65 
97 * 17 
97.70 
98-23 

40.83 
40.97 
41.12 
41.26 

41.40 
41.55 
41.70 
41.84 

41.99 
42.13 
42.28 
42.42 

42.57 
k2.72 
k2.S 
b3.01 

34.45 

34.74 
34.88 

35.02 
35-17 
35-31 
35.45 

35.63 
35.74 
35.a 
35.03 

s . 1 7  
36-31 
36.46 
36.60 

34.60 

- 

- 
LA" 

DlST 

- 
K M  - 
1.1 - 
217 
216 
215 
215 

214 
213 
212 
212 

211 
211 
210 
210 

209 
209 
239 
209 

210 
210 
210 
211 

53 
53 
53 
53 

53 
53 
53 
53 

53 
53 
53 
53 

53 
53 
54 
54 

52 
52 
52 
52 

52 
51 
5 1  
51 

51 
51 
51 
5 1  

51 
51 
51 
51 
- 

:;q 88.4 2.0 1.5 r . 9  2.9 

2.5 2.9 
88.3 3.0 p2.9 

87.74 0.4 60.9 
87.&, 0.6 60.9 
87.63 0.7 60.9 

/ I  
85.5d 1.7 65.4 

63.471 1.4 55.4 

e$. 1.165.4 

%.4i( 1.5 65.4 

eS.4.4 1.2 6j.4 

E9.d 0.965.4 
E8.44 0.8 6j.4 
a.4q 0.6 65.4 

88.d 0.5 '55.4 "I 0.2 0.3 65.b 65.4 

88.3 0.1 65.4 

€8. 0.255.4 
8-3.3q 0.3 i!2st 
ea.2 3.: 13;. 

0.6r5.h 
88.4 

I 

Table 2.3-3 Photo Supporting Data 
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- 
E 
X 
P 

N 
0. 

- 
5 
6 
7 
8 

9 
10 
11 
12 

13 
l b  
15 
16 

17 
18 
19 
20 

21 
22 
23 
24 

52 
53  
5$ 
55 

56 
57 
58 
59 

60 
61 
62 
63 

64 
65 
E5 
67 

68 
67 

Ti 

72 
73 
74 
75 

76 
77 
78 
79 

80 
81 
62 
83 

70 

- 

- 
TILT 
DlST 
- 
Mh? 
2% 
- 
I 

56.e 

r5.a 
ro. 3 

35.0 
i9.6 
5 .4  
19.4 

ik.8 
L 1 . l  
). 4 
10.7 

14.2 
1@. .8 
!3.7 
2'. 9 

6.7 
32.5 

3 b . l  

L5.3 
LL.7 
13.2 
L1.6 

LO. 1 
8.5 
6.9 
5.4 

3.8 
2.3 
1.2 
1.6 

2.9 
4.4 
6.0 
7.6 

j1.2 

,a. 3 

L7.1 
15.6 
14.0 
Q.5 

10.9 
9.3 
7.8 
6.2 

4.7 
3.1 
1.6 
0.6 

1.7 
3.2 
4.8 
6.3 
- 

HIGH RESOLUTION 
PHOTO CORNER COORDINATES 

A I B I r  I D  

2.82 
2.83 
2.84 
2.85 

2.86 

2.87 
2.m 

2.89 
2.43 
2.90 
2.91 

2.91 
2.92 
2.32 
2.93 

2.94 
2.93 

2.~37 

2-93 
2-93 

11.5 
11.5 
11.5 
11.5 

11.5 
11.5 
11.5 
11.5 

11.5 
11.5 
11.5 
11.4 

11.4 
11.4 
11.4 
11.4 

11.8 
11.8 
11.8 
11.8 

11.8 
11.9 

11.9 

11.9 
11.9 
11.9 

11.9 
11.9 

11.9 

11.9 

11.9 

11.9 

w I LONG I U T  I LONG I U T  I LONG I LA1 I LONG 
DEG I DEG IDEG I DEG IDEG I DEG IDEG I DEG 

I I 
I 1  I 

3.09 84.57 0.984.04 0.71 83.40 
2.96 85.15 0.46 84.61 0.59 83.98 
2.8485.72 0.35 85.19 0.47 84.55 
2.71 86.29 0.23 85.75 0.35 85.13 

88.61 -0.24 87.99 2. 
89.18 ,*0.35 88.56 2. 
89.75 **0.48 89.14 1. 
90.31 ..0.60 89.70 1. 

1.58 91.41 -0.86 90.88 ,.0.72 90.27 1. 

1.33 92.54 -1.10 9.01 -0.96 91.41 1. 
1.22 93.11 -1.22 92.58 -1.08 91.98 1. 

0.14198.09 -2.30 97.56 -2.16 96.95 0. 
0.02 9 . 6 8  -2.43 98.15 ,.2.29 97.53 0. 
-0.10 99.27 .-2.56 98.74 ..2.42 9 - 1 3  0. 
.0.23 99.87 .2.69 99.33 -2.54 9-71 -0. 

1.45 91.98 -0.98 91.45 -0.84 90.84 1. 

-0.3'2 40.93 -0.93 40.80 -0.90 40.65 -0. 
-0.35 41.08 -O.% 40.95 -0.93 40.79 -0. 

-0.41 41.37 -1.03 41.24 -1.00 41.W -0. 
-0.38 41.22 .LOO 41.W .o.* 40.94 -0. 

-0.45 41.52 *1.06 41-39 -1.03 41.23 -0. 
-0.48 41.67 -1.w 41.54 -1.06 41-39 -0- 
-0.51 41.82 -1.12 41.69 -1.w 41.54 -0. 
-0.54 41.W ~1 .15  41.84 . 1 . ~  41.68 -0. 

-0.57 42.12 -1.19 41.99 -1.15 41.84 -0. 
-0.60 42.27 -1.22 42.14 -1.19 41.93 -0. 
.0.64 42.42 -1.25 42.29 -1.22 42.14 -0. 
-0.66 42.57 -1.28 42.44 -1.25 42.28 -0. 

0.6 34.54 0.00 34.42 0.03 34.27 

0.54 34.84 -0.6 34.71 -0.03 34.56 
0.50 34.99 -0.09 34.86 -0.1% 34.71 

0.44 35.28 -0.15, 35.15 -0.12 35.00 0. 

0.j: 34.69 -0.03 34.57 0.001 34.41 

0.47 35.13 -0.121 35.01 -0.09 34.86 0. 

0.41 35.43 -0.181 Zz.30 -0.15 35.15 0. 
0.38 35.57 ;0.22 3j.45 -0.18 35.30 0. 

0.35 35.72 -0.251 35.60 -0.21 35.45 0. 
0.32 35.87 -0.281 35.74 -0.25 35.59 0. 

MOGERATE RESOL - 
TILT 
D l n  

MM 
- 
_I 

2% 

7.4 
6.7 
6.0 
5.3 

4.6 
3.9 
3.2 
2.5 

1.9 
1.5 
1.2 
1.4 

- 

1.9 
2.5 
3.1 
3-8 

LO. 1 
L0.8 
11.6 
E. 3 

2.1 
1.9 
1.7 
1.5 

1-3 
1.1 
0.9 
0.7 

0- 5 
0.3 
0.2 
0.2 

0.4 
0.6 
0.8 
1.0 

2.2 
2.0 
1.8 
1.6 

1.4 
1.2 
1.0 
0.8 

0.6 
0.4 
0.2 
0.1 

0.2 
0.4 
0.6 
0.8 - 

XALE 

AclOl 

X I 0 3  

2% 

- 
- 

.37( 

.371 . 3: 

.3? 

.37! 

.37( 

.3T 
* 3% 

.37! 

.9( 

.3e( 

.38: 

.3% . 38: 

.3s: . 33' 

. 38! 

.3@ . %I 

.d' 

1.51 
I. 51 
1.51 
1.51 

1.51 
1.51 
1.51 
1.51 

1.50 
1.50 
1.50 
1.50 

1.50 
1.50 
1.50 
1.49 

1.55 
1.55 
1- 55 
1.55 

1.55 
1-55 
1.56 
1.56 

1.56 
1.56 
1.56 
1.56 

1.56 
1.56 
1.56 
1.57 

PHC 

I 
4.21 86.98 
4-05 87.5: 

3.83 88.69 
3.96 88.12 

3.71 69-25 
3-59 89-83 
3.46 90.w 
3.34 90.98 

3.22 91.55 
3.10 9 . 1 3  

2.e6 93.23 
2.98 92.71 

2.74 93.85 
2.62 94.43 
2.51 95.00 
2.39 95.9 

1.41 100.70 

1.19 101.94 
1.08 102.55 

1.30 101.31 

0.04 41.51 
0 . g  41.66 
0.11 41.81 
0.14 41.g 

0.17 42.11 
0.20 42.26 
2.23 42.41 
0.26 42.56 

0.29 42.72 

0.35 43.G 
0 . 3  43.17 

0.41 43.3 

0.47 43.63 

0.2 42.86 

0.44 43.47 

0.50 43.78 

0.87 35.E 
0.84 35.26 
0.81 35.41 

0.74 35.n 
0.71 35.85 
0.68 36.m 
0.65 36.15 

0.78 35.56 

0.62 36.29 
0.59 35.44 
0.56 36-54 
0.53 36.74 

0.50 36.a 
0.46 37.03 
0.43 W.18 
0.40, 37.33 

0 CORP!ER 

-2.ll 89.17 
-2.24 69.74 

-2.37 90.31 

-?.62,91.;6 
-2.49 90.B 

ION 
30RDINATES 

-1.7 87.33 3.87 88.50 

-1.8 87.9 3.73 89.08 
-1.9 c3.50 3.57 89.66 1 

Table 2.3-3 (cont'd) 
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E 

0. 

1-3 

1-4 

1-5 

1-6 

TIME OF EXPOSURE 

iSTlMATED ERROR I 0.0: 

- 
PHOTO 

S E  
I x  
f P  

N N  
0. 

85 
86 
87 
88 

89 
90 
31 
M 

93 
.94 
95 
96 
97 
98 
99 
100 

105 
106 
107 
108 

109 
ll0 
111 
L12 

l?J  
ll' 
la 
12: 

122 
123 
121 
125 

E 5  
E1 
I28 
129 

130 
131 
1 2  
133 

141 
142 
143 
144 

145 
146 
147 
148 

- 
ALT 

- 
KM - 
1.1 

51 
54 
54 
54 

54 
53 
53 
53 

53 
53 
53 
53 

53 
53 
53 
53 

49 
49 
48 
48 

48 
47 
47 
47 

49 
49 
49 
49 
48 
48 
48 
48 

48 
48 
48 
48 

48 
48 
&a 
48 

44 
45 
46 
47 
48 
49 
50 
51 

- 

SPACECRAFT 

I 

CWEC DEG DEG 

0.001 0.01 0.006 

-a045 0.76 25.03 
- . O U  0.73 25-18 
-0.042 0.70 25-32 
-0.041 0.67 25.47 

-0.040 0.64 25.62 
-0.039 9-61 25.76 
-0.03 0.58 25.91 
-0.0% 0.55 6-06 

-0.035 0.52 26.20 
-0.034 0.49 26.35 

-0.03 0.43 26.64 

-0.030 0.40 26.79 
-0.023 0.37 26.93 
-0.027 0.34 27.07 

-0.09 0.46 26.50 

-0.026 0 . 3  m.22 

-0.049 0.43 Ll.60 
-O.* 0.30 l2.l6 
-0.039 0.18 12.70 
-0.035 0.05 13.25 

-0.030-0.07 13.79 
-0.025-0.19 14.32 
-0.C20-0.3l lh.86 
-0.Ol6-0.44 15-40 

-0.044 0.25 -2.51 

-0.042 0.19 -2.24 
-0.043 0.22 -2.38 

-0.040 0.16 -2.u 

-0.03 0.13 -1.97 
-0.09 0.10 -1.84 
-0 .03 0.07 -1.70 
-0.036 0.04 -1.57 

-0.035 0.02 -1.43 

-0.032-0.04 -1.16 
-0.0~-0.01 -1.29 

-0.031-0.07 -1.02 

-0.0~.0.10 -0.89 

-0.w-0.19 -0.50 

-0.029-0.13 -0.76 
-0.023-Oml6 9-62 

0.087-3.51 -4.U 
O.Og1-3.61 -3.59 
O.Og6.3.7l -3.06 
0.100-3.81 -2.53 

0.105-3.92 -1.98 
0.lOgA.Ce -1.42 
O.ll4-4-13 -0.84 
O.Il9-4.24 -0.26 

LA1 

DEG 
- 

0.3? 
0.75 
0.72 
0.e 

0.64 
0.6: 
0.6C 
0.51 

0.54 
0.51 
0.M 
0.4: 

0.4; 
0.3 
0.3t 
0.3: 

0.44 
0.31 
0. le 
0.05 

.0.07 

.0.2c 

.O. p 
,Os45 

0.S 
0.2: 
0.2c 
0.17 

0.14 
0.U 
0,Oe 
0.05 

0.W 
0.01 
0.04 
0.07 

0.10 
0.12 
0.16 
0.18 

3- 51 
3.61 
3.72 
3.82 

3.93 
4.d 
4.15 
4.26 

ICIPAL 
UND 
I NT 

LONG 

- 

- 
DEG 

25-03 
25.18 
25.33 
25.18 

25.63 
25.79 
25 -93 
26.w 
26.23 
s.39 
26.54 
26.68 

26.84 
26.99 
27-13 
27.29 

11.55 
l2.l2 
l2 .68 
13.24 

13.80 
14-35 
14.9 
15.46 

-2.56 
-2.43 
-2.28 
-2.14 

-2.00 
-1.87 
-1.73 
-1.59 

-1.45 
-1.31 
-1.17 
-1.03 

- 0 . 9  
-0.76 
-0.62 
-0.49 

-4.12 
-3.58 
-3.04 
-2.50 

-1.93 
-1. % 
-0.76 
-0.16 

- 
EMlS 
SION 
WGL 

- 
DEG - 
0.12 

0.8 
0.8 
0.8 
0.8 

0.9 
0.9 
1.0 
1.2 

1.3 
1.4 
1.5 
1.7 
1.8 
1.9 
2.1 
2.2 

- 

2.0 
1.4 
0.8 
0.2 

0.3 
0.9 
1.5 
2.0 

1.9 
1.7 
1.6 
1.4 

1.3 
1.1 
1.0 
0.9 

0.7 
0.6 
0.5 
0.3 

0.2 
0.2 
0.2 
0- 3 

0.4 
0.2 
0.7 
1.3 

1.8 
2.4 
3.0 
3.6 
- 

54.1 54.55 

TILT TILT SWIN 

0.12 ~ 0.01 0.1 0.1 

0.8 
0.8 
0.8 
0.8 

0.8 
0.9 
1.0 
1.1 

1.2 
1.4 
1.5 
1.6 

1.7 
1.9 
2.0 
2.2 

38.08 x6.0 347. 
46.60 214.5 347. 
53.40 221.3 347. 
59.21 m.1 347. 

63.79 2P.7 347. 
70& 23.7 347. 
73.52 241.4 347. 

75.86 243.7 347. 
77.79 245:f 347. 
79.46 247.3 3b7. 
80.97 248.8 347. 

67.72 235.6 347- 

1.8 287.231 95.2 347. 

1.4 1.5 288.151 288.76. 96.1 96.7 3k7. 347. 
1.7 237.641 95.6 347. 

1 
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HIGH RESOLUTION 

TILT 
DIR 

MM 

2% 

8.3 
8.0 
8.0 
8.4 

9.0 
9.8 
.0.8 
2.9 

.3.1 

.4.5 

.5.8 
J.1 

t8.6 
!o.o 
2.5 
!3.0 

26.4 
14.3 
8.3 
2.4 

3.6 
9.4 

15.3 
21.2 

19.2 
17.8 
16.3 
14.8 

13.3 
n .9  
10.4 
9.0 

7.5 
6.1 
4.7 
3.3 

2.2 
1.7 
2.3 
3.3 

4.4 
2.0 
7.3 

13.0 

18.9 

xw 
FACTOS 

XIO-3 
2% 

ll .3 
11.3 
l l .4 
l l .4 

ll.4 
ll.4 
ll.4 
ll.5 

ll.5 
11.5 
l l .5 
u . 5  

u .5  
u .6  
11.6 
11.6 

12.5 
12.6 
12.7 
l2.8 

12.8 
12.9 
13.0 
13.0 

12.5 
12.5 
12.5 
12.6 

12.6 
12.6 
12.6 
12.7 

12.7 
12.7 
12.7 
12.7 

12.8 
12.8 
12.8 
12.8 

13.8 
13.5 
13.3 
13.0 

12.8 

PHOTO CORNER COO 
A I 8 1 

W I LONG 1 UT I LONG 1 UT 
D E 0  I DEG IDEG I DEG IDEO 

)INAT 

LONG 
DEG - - 

24.89 
25.05 
25.19 
25-34 

25.4 
25 -65 
25.79 
25.95 

26-10 
26.25 
26.40 
26.55 

26.70 
26.85 
27.00 
27.15 

n.42 
u.9 
12.55 
13.u  

13.67 

i4 .n  
1422 

15 - 33 

-2.69 
-2.56 
-2.42 
-2.27 

-2.13 
-2.00 
-1.86 
-1.72 

-1.58 
-1.44 
-1.30 
-1.36 

-1.03 
-0.89 
-0.75 
-0.62 

-4.23 
-3.70 
-3.16 
-2.62 

-2.06 
-1.49 
-0.89 
-0.29 
- 

D 

U T  LONG 
DEG DEG 

1.u 25.01 
1.08 25.17 

1.02 25.47 

0.99 25-62 
0.95 25.n 
0.92 25-92 
0.89 26.07 

0.86 26.22 
0.83 26.n 
0.80 25-52 

1.05 25.9 

o.n 26.67 

0.n 26.9 
0.68 27.12 
0.65 27-27 

0.74 26.82 

0.74 U.54 
0.60 12.u 
0.47 l2.68 
0.3, 13.23 

0.22 13.79 
0.09 14.34 
0.04 14.89 
0.16 15.45 

0.56 -2.57 
0.53 -a.# 
0.50 -2.29 
0.47 -2.15 

0.44 -2.01 
0.41 -1.88 
0.38 -1.74 
0.35 -1.60 

0 . 3  -1.46 
0.29 -1.32 
0.26 -1.18 
0.23 -1.04 

0.20 -0.91 
0.17 -0.n 
0.14 -0.63 
0.11 -0.50 

3.24 -4.13 
3.34 -3.60 
3.44 -3.06 
3.54 -2.51 

3.64 -1.95 
3.74 -1.9 
3.85 -0.78 
4.00 -0.33 

MODERATE RESOLUTION 

TILT 
DIR 

MM 
- - 
2% - 
1.1 
1.1 
1.1 
1.1 

1.2 
1- 3 
1.4 
1.6 

1.7 
1.9 
2.1 
2.2 

2.4 
2.6 
2.8 
3.0 

2.7 
1.9 
1.1 
0.3 

0.5 
1.2 
2.0 
2.8 

2.5 
2.3 
2.1 
1.9 

1.7 
1.6 
1.4 
1.2 

1.0 
0.8 
0.6 
0.4 

0.3 
0.2 
0.3 
0.4 

0.6 
0.3 
1.0 
1.7 

2.5 
3.3 
4.1 
4.9 
- 

PHOTO CORNER COORDINATE: 

:ACTOR 

XIO-' DEG DEG DEG DEG DEG 

~ 

1.48 
1.49 
1.4 
1-49 
1.49 
1.50 
1.50 
1.50 

1. 
1. 
1. 
1. 

1. 
1. 
1. 
1. 

25.78 0.05 25.48 0.19 .* 25.93 -08 25-64 0.16 
.P 26.08 .U 25-78 0.13 
.28 26.23 -14 25.94 0.11 

.25 26.38 0.16 26.09 0.08 

.22 26.53 0.19 26.24 0.05 

.19 26.68 0.22 26.39 0.02 I '  .36 26.83 0.25 26.54 ..o.oi 

DEG - 

24.29 
24.44 
24.59 
24.75 

24.9 
25.05 

25.36 
25.20 

-3.51 4-19 -3.74 -4.00 
-2.97 -4.P -3.19 .-4.ll 
-2.41 -4.42 -2.64 -4.P 
-1.85 -4.54 -2.09 -4.33 

-1.27 -4.67 -1.52 -4.45 
-0.68 -4.80 -0.93 -4.57 
-O.q -4.93 -0 .3  -4.69 
-0.55 -5.06 -0.29 

6 . 5 7  

10.85 
11.43 
12.00 
12.57 

13-13 
13.69 
14.24 
14.81 

-3.25 
-3.1.1 
-2.97 
-2.82 

-2.68 
-2.54 
-2.40 
-2.26 

-2.12 
-2.00 
-1.84 
-1.70 

-1.56 
-1.42 
-1.28 
-1.15 

-4.73 
-4.20 
-3.67 
-3.13 

-2.58 
-2.02 
-1.43 
-0.85 
- 

1.16 26.69 
1.13 26.84 

1.21 11.15 
1.07 11.72 
0.93 12-29 
0.80 12.85 

0.67 13.41 
0.531 14.00 
0.40 14.52 
0.27 15.& 

1.03 -2.97 
1.00 -2.83 
1.0 -2.69 
0.93 -2.55 

0.90 -2.41 
0.87 -2.27 
0.84 -2.13 
0.81 -1.99 

0.n -1.85 
0.74 -1.71 
0.n -1.57 
0.68 -1.43 

0.65 -1.29 
0.62 -1.16 
0.58 -1.01 
0.56 -0.88 

-2.83 -4.50 
.2.92 -3.97 
.3.02 -3.44 
-3.u -2.90 

m3.28 -2.34 
-1.78 -3.30 
~3.40 -1.19 
-3.50 -0.60 
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PHOTO - 
E 
X 
r 

N 
0. - 

157 
13 
159 
160 

161 
162 
163 
164 

165 
166 
167 
168 

169 
170 
171 
172 

176 
177 
178 
1773 

280 
la1 

183 

184 
155 
1% 
187 

188 

190 
191 

192 
193 
194 
195 

1% 
197 
19 
199 

18s 

- 

TIME OF EXPOSURE 

~ SECONDS HR-MlN:SEC 

ESTIMATED ERROR I 0.0: 

DAY 240 
40712.3 06:28:6.3 

06 :28:20.5 
407l6.7 06:28:22.7 
40718.8 06:28:24.8 

40721.0 06:28:27.0 
40723.2 06:28:29.2 
W25.5 06:28:31.5 
40727.7 06:28:33.7 

40729.9 06 :28:35.9 
4a132.1 06:23:38.1 
40734.4 06:28:&.k 
40736.6 06:28:42.6 

40738.9 06:28:44.9 
40741.2 06:28:47.2 
40743.5 06 :28 A9.5 
40745.8 06:28:51.8 

DAY 241 
22475.5 06:31:59.1 
22477.7 06 :32:01.3 
22420.0 06:32:03.6 
22482.2 06:32:05.8 

22484.5 
224a6.7 
22489.0 
22491.3 

06:32:08.1 
0632: 10.3 
06:32:12.6 
06 :32 A4.9 

WY 241 
34760.3 09:%:43.8 
34762.4 09 : 56 :45.9 
34764.5 09: 56 :48.0 
3b766.6 09: 56 : 50.1 

34768.7 09:56:52.2 
3b770.8 09: 56 :54.3 
34772.9 09:56:56.4 
34775.0 09:56:58.5 

31777.1 09: 57 : 00.6 
34779.2 09: j7:02.7 
34781.3 09: 57:04.8 
3b783.4 09: 57 :06.9 

34785.5 09:57:09.0 
34737.6 09: 57:u.l 
34789.8 09: j7:13.3 
34791.9 09 :57: 3.5.4 

1 

- 
ALT 

KM 
- - 
1 . I  

46 
46 
46 
46 

47 
47 
47 
47 

47 
47 
48 
48 

48 
48 
48 
48 

50 
50 
50 
50 

50 
50 
50 
50 

45 
45 
45 
45 

45 
45 
45 
45 

45 
45 
45 
45 

45 
45 
46 
46 - 

- 
ALT R l  
- 
M E '  
o.001 - 
O.& 
0.067 
0.068 
0.069 

0.070 

0.072 
0.074 

0.075 
0.076 
0.077 
0.078 

0.079 
0.0% 
0.082 
0.083 

0.071 

0.059 
0.060 
0.061 
0.062 

0.063 
0.064 
0.065 
0.067 

o.ol2 

0.014 
0.013 

0.015 

0.016 
0.017 
0.018 
0.019 

0.020 
0.021 
0.022 
0.023 

0.025 
0.027 
0.028 

0.024 

- 

PRINCIPAL 
SPACECRAFT 

I I I I 

PHAS 

WGL 

- 
DEQ 

0.11 - 
9.3 
9 . 3  
78.3 
93.3 

58.3 
58.3 
9 .3  
58.3 

58.3 
58.3 
58.3 
9.3  

58.3 
9.3 
58.3 
58.3 

59.3 
59.3 
59.3 
59.3 

59.3 
59.3 
59.3 
59.3 

63.6 
63.6 
63.6 
63 .6 

63 .6 
63 .6 
63 .6 

63 .6 
63 .t 
63.6 

63.6 

63.6 

63.6 
63.6 
63.6 
63 .6 
- 

~ 9 . ~  Cllz 59.4 3.3 324.30, 310.16 Ij 3 ~ . i  
357.2'1 166.1 133.6 3G.3 343.3 

59.4 3.2 39.0L(207. 343. 
59. 

59.0 0.3 64.6: 233.5 34A. 

58.7 >8! 0.5 0.7 a2 .s  &.58/ 251.6 2 ~ 5 . ~  348. 3 @ 1  

58. 0.4 76.20 24j. 3M. 
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- 
E 
X 
P 

N 
0.  

_I 

157 
158 
153 
t60 

t6 1 
~62 
63 
64 

t6 'I 
~66 
167 
68 

169 
170 
171 
172 

176 
177 
173 
17? 

1.50 
131 
132 
133 

184 
185 
1% 
87 
.% 
.%? 
.90 
.91 

-9 
-73 
.34 
.95 

-96 
.37 
gl 

.39 
- 

HIGH RESOLUTION 

18.9 13.3 

20.j 13.2 
19.7 13.2 

21.3 13.2 

22.2 13.1 
23.2 13.1 
24.3 13.0 
25.3 13.0 

26.4 12.9 
27.6 12.9 
28.8 12.8 
30.0 l2.8 

31.2 12.7 
32.5 12.7 
33.5 12.6 
35.1 12.6 

3.9 12.3 
2.7 12.3 
1.3 12.3 
2.1 12.2 

3.1 12.2 
4.3 12.2 
j.7 12.1 
7.1 12.1 

MODERATE RESOLUTION - 
TI11 
DiST 

MM 
- - 
2% - 

2.5 
2.6 
2 *7 
2.8 

2.9 
3 *O 
3.2 
3.3 

3.5 
3 *6 
3.9 
3.7 
4.1 
4.3 
4.4 
4.6 

0.5 
0.4 
0.3 
0.3 

0.4 

0.7 
0.6 

0.9 

2.1 
1.9 
1.8 
1.6 

1.4 
1.2 
1.1 
0-9 

0.7 
0.5 
0.4 
0.3 

0.2 
0.3 
0.5 
0.6 
- 

PHOTO CORNER COORDINATES 
KALE 

t - .- I 

1.74 -2.79 -22.55 -4 -3.80-23.82 ,-2.60 -23.57 
-3.83-23.68 ,.2.62 -23.43 

1.73 *2.& -22.28 -4 
1.73 -2.86 -22.14 -4 -3.88-23.k ,.2.67 -23.17 

1.74 -2.82 -22.41 -4 
-3.86-23.55 8.2.65 -23.30 

1.72 .2.89 -22.01 -4 -3.91-23.25 -2.70 -23.08 

1.71 -2.94 -21.72 -4 -3.91-23-01 -2.75 -22.76 
1.70 .2.% -21.58 -4 -4.00-22.88 -22.63 

1.70 -2.99 -21.45 -4 -4.03-22.75 .2.80 -22.49 
1.69 -3.01 -21.31 -4 '-4.05.22.61 -2.82 -22.26 
1.68 -3.04 -2l.I.6 -4 -4.08.22.47 -2.85 -22.22 
1.68 .3.6 -21.02 -4 &all-22.34 -2.87 -22.08 

1.67 -3.09 -20.88 21.12 -4.14-22.20 -2.w -21.94 
1.67 -3.U -20.73 20.97 -4.17-22.06 e2.9 -21.80 
1.66 -3.14 -20.59 20.83 -4.20-21.92 -2.95 -21.66 
1.65 -3.16 -20.44 20.a -4.23.21.78 .-2.j8 -21.52 

1.71 ,-2.91 -21.87 -4 -3.96-23.15 ..2.72 -22.9 

1.60 
1.59 
1-59 
1.58 

1.78 
1.78 
1.78 
1.78 

-2.22 -36.95 
-2.24 -36.35 
-2.27 -36.71 
-2.30 -36.57 

-1.Oj -44.91 
-1.07 -44.78 
1.10 -44.6: 
1.13 -44.52 
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PHOTO 

M Y  241 
13:23:30.5 
13:23:32.6 
13:23:34.7 
13:23:36.8 

13:23:39.0 
13:23:41.2 
13:23:43.3 
13:23:45.5 

13:23:47.7 
13:23:49.8 
13:23:52.0 
13:23:54.1 

13:23:56.3 
13:23:58.4 
13:24:00.6 
13:24:02.8 
I T 0  SITES 

DAY 234 
o1:n:p.g 
01:23:&.0 

DAY 235 
01:&:26.3 

DAY 235 
22:39:56.8 

DAY 236 
16:04:03.1 
16:04:09.8 

DAY 237 
19:55:00.8 
23:21:38.8 

DAY 239 

09:47:24.9 

DAY 239 
06:18:38.3 

DAY 239 
23:30:54.7 
23:p:Ob.T 

02:53:37.1 

- 
5 
I 
T 
E 
N 
0. 

- 
1.2 
1 

1-2 

-4 

-5 

-7 

-a 

-9 

-1 1 

-1 

- 

46 
46 
46 
46 

46 
46 
46 
46 

46 
46 
46 
47 

47 
47 
47 
47 

80 
78 

78 

66 

75 
74 

57 
55 

47 
43 

54 

50 
49 

- 
E 
X 
r 
N 
0. - 
200 
201 
202 
203 

204 
205 
2c6 
207 

208 
209 
210 
2 l l  

222 
2l3 
214 
215 
MIS 

48 
49 

84 

103 

113 
114 

134 
135 

149 
151 

150 

153 
154 
155 
156 
- 

0.027 
0.028 
0.029 
0.030 

0.031 
.O32 

0.033 
0.034 

0.035 
0.036 
0.038 
0.039 

0.040 
0.041 
0.042 
0.043 

-0.152 
-0.146 

-0.158 

-0.123 

-0.155 
0.152 

-0.132 
-0.124 

-0.069 
-0.032 

-0.107 

-O.& 
-0.m 
-0.071 
-0.06 

ESTIMATED - 
47167.0 
47169.1 
47171.2 
47173.3 

47175.5 
47177.7 
47179.8 
47182.0 

47164.2 
47186.3 
47188.5 
4719.6 

47192.8 
4n94.9 
47197.1 
47199.3 
ION 8 Pk 

28272.5 
28285.6 

UU0.4 

86441.0 

44229.6 
44236.3 

39629.9 
5208.9 

46288.7 
W 6 . 5  

58589.8 

15668-7 
15678 * 7 

15698.6 
15688.6 

-2.15 -44.55-2.15 -44.58 46 
-2.18 -44.42-2.18 -44.45 46 
-2.21 -44.29.2.P -44.32 46 
-2.23 -44.17-2.23 -44.29 16 

-2.26 -44.04-2.26 -44.06 46 
-2.29 -43.a-2-29 -43.92 46 
-2.32 -43.78-2.32 -43.79 46 
-2.34 -43.65.2.35 -43.66 46 

-2.37 -43.52-2.38 -43.52 46 
-2.40 -43.39-2.40 -43.39 46 
-2.42 -43.26-2.43 -43.26 46 
-2.45 -43.13-2.46 -43.13 47 

-2.48 -43.00-2.4 -42.9 47 
-2.50 -42.87-2.51*-42.86 47 
-2.53 -42.74-2.54 -42.73 47 
-2.56 -42.61-2.57 -42.59 47 

3.40 29.08 3.05 28.57 82 
3.24 29.84 2.89 29.38 80 

3.49 15.13 3.05 14-56 

2.47 8.44 2.12 8.11 67 

3.21 -4.78 2.88 -5.35 78 
3.12 -4.39 2.79 4 -93  77 

2.03 -15.19 l.8l -15.6 59 
1.79 -16.a 1.44 -16.28 57 

0.14 -24.274.10 -24.34 47 
-0.79 -23.636.42 -23.62 45 

1.04 -30.67 0.n -30.89 55 

0.34 -36.89 0.41 -37.03 50 
0.22 -36.29 0.29 -36.41 50 
0.10 -35.70 0.16 -35.80 49 

-0.03 -35.10 0.03 -35.19 48 

TIME OF EXPOSURE 
PRINCIPAL 

SPACECRAFT GROUND sLAN, ~1 POINT DlST 

ALTRT LAT LONG U T  LONG 
I I I I I 

(M/sECI DEG I DEG I DEG! DLG I KM 
3.001 0.01 0.006 0.01 0.006 1 . 1  ==FFFFF 

I I I I I 

’nm 
NGU 

- 
DEQ 

575 - 
52.2 
52.2 
52.2 
52.2 

52.2 
52.2 
52.2 
62.2 

52.2 
52.2 
52.2 
52.2 

62.2 
52.2 
62.2 
62.2 

70.3 
70.3 

70.3 

70.3 

70.3 
70.3 

70.3 
70.3 

70.3 
70.3 

70.3 

70.3 
70.3 
70.3 
70.3 
- 

DEG D€G DEG 

0.01 0.1 0.1 

m.50m.o 398.5 
270.30 78.8 318.5 

266.85 75.3 348.5 
268.80 77.3 348.5 

264.10 72.6 348.5 
260.19 68.7 3423.5 
254.56 63.1 348.5 
244.94 53.5 348.5 

28-77 36-3 348.5 

166.96 335.5 348.5 
W.05 8.58 348.5 

145.59 314.1 348.5 

132.99 301.5 348.5 
125.92 294.5 346.5 
lU.18 289.7 348.6 
U7.951286.5 348.6 

1 

235.40 54.2 358.1 
232-95 51.7 358.0 

232.35 50.8 357.5 

222.51 40.7 357.5 

239.77 58.9 358.3 
29-74 57.8 358.3 

233.08 52.2 358.5 
217.10 35.0 357.1 

195.63 13.9 358.1 
1.57 188.7 7.1 

219.47 38.0 358.0 

297.86 n9.9 2.2 
299.9 122.0 2.2 
302.48 124.6 2.2 
305.91 128.0 2.2 

L 
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HIGH RESOLUTION MODERATE RESOWTION - 
E 
X 
P 

N 
0. 

- 
00 
01 
02 
03 

04 
05 
06 
w 
08 
w 
30 
3.l 

32 
33 
34 
35 

48 
49 

84 

.03 

13 
14  

.34 
-35 

L49 
.51 

.50 

.53 
154 
155 
1% 
A 

- 
,111 
,IS 

UM 
- 
2% - 
1.7 
1.5 
1.4 
1.2 

1.0 
0.8 
0.7 
0.5 

0.4 
0.3 
0.3 
0.4 

0.6 
0.8 
0.9 
1.1 

.8.8 

.8.0 

2.5 

.7.9 

2.2 
n.7 

6.1 
19.5 

13.1 
B.8 

15.9 

7.5 
6.7 
5.5 
5.1 
- 

PHOTO CORNER I PHOTO CORNER 1 3OUD IN AT ES 
C I D 

30RDINATES 
A I B B A 

U T  LONG 

DEG DEG 

1.66 -43.95 

~ . n  -43.69 
L.69 -43.82 

1.74 -43.56 

L.n -43.42 

L . 8 2  -43.15 
L.& -43.29 

L.85 -43.02 

L . 9  -42.75 

L.95 -42.48 

L.98 -42.34 
2.01 -42.21 
2.03 -42.08 
2.06 -41.9 

L . 8 8  -42.88 

1.93 42.61 

3.87 29.59 
3.70 30.38 

3.m 15.55 

2.79 8.96 

3.64 -4.38 
3.55 -3.97 

2.39 -14.75 
2.01 -15.57 

LA1 LONG U T  LONG 

~ 

LONG LA1 + LONG 

DEG - 
2% - 
1-75 
1.75 
1.74 
1.74 

1.74 
1.74 
1-73 
1-73 

1.73 
1.73 
1.72 
1.72 

1.72 
1.72 
1.71 
1.71 

1 .@I 
1.03 

1.02 

1.22 

1.07 
1.08 

1.39 
1.45 

1.72 
1.84 

1-49 

1.59 
1.62 
1.64 
1.67 

-44.59 
-44.46 
-44.33 
-44.20 

2.52-44.18 **l.g6 -44.07 
2.54-44.04 a s 2 . 0 1  -43.93 
2.57-43.92 -2.04 -43.80 
2.60-43.78 -2.07 -43.67 

2.63-43.64 -2.09 -43.53 
2.66-43.52 -2.12 -43.40 
2.69-43.38 e2.15 -43.27 
2.71-43.25 -2.17 -43.14 

2.74-43.12 -2.20 -43.00 
2.7742.99 -2.23 -42.87 
2.80-42.85 52.26 -42.74 
2.83-42.72 -2.28 -42.60 

2.57 28.34 3.54 28.54 
2.43 29.15 3.37 29.36 

-1.55 -44.44 
~1.58 -44.9 
~1.60 -44.18 
..1.63 -44.04 

-1.66 -43.91 
..1.69 -43.78 
-1.71 -43.64 

1.77 -43.38 
'.1.79 -43.25 
4.82 -43.12 
-1.85 -42.98 

-1.74 -43.52 

4.29 27.86 
4.10 28.70 

4.26 13.84 

3-13 7.57 

,372 7.8 

71.2 7.8 

.36.4 9.21 

51.3 8.1 
.58.0 8.2' 

158.9 14.1 

a. 11.4 

57.3 12.2 
44. 5 1 ~  12.5 12.3 

38. 12.7 

14.33 *53 i. 2.56 14.53 

~ . 7 2  7.91 .52 8.1.0 I 1 1  
2.42 
2.3: 

-15 * 50 
-16.29 

-24.35 
-23.63 

I I 1 

Table 2.3-3 (cont'd) 

54 



- 
TILT 

AZlM 

- 
DEG - 
0.01 - 

33.77 

45.98 
12.11 
77-67 
0.38 
9.43 
13.79 
3.69 

.93 
7.89 

67.04 

192.8 

201.3 
203.4 
ao. 5 

238.0 
230.9 
191.1 
181.1 
245.0 

260.1 
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242.5 
242.1 

155.: 
154.c 

262.2 
2%. 5 
199.5 
1sg.c 

139.C 
232.1 

148.c - 

57.1 358.6 
49.8 358.5 
9.3 358.1 
359.2 358.0 
64.4 358.6 

80.6 0.1 

33.8 358.4 
62.2 358.2 
61.4 358.1 

33.9 357.1 
330.5 357.1 

76.1 351.7 

17.4 357.0 
6.2 357.0 

24.32 357.3 

313.8 357.4 
51.4 357.3 

323.5 357.0 

TIME OF EXPOSURE PHOTO "Asi 
NGU 

- 
E 
X 
P 

N 
0. 

$ 1  

20 

30 
35 
36 
37 
38 
*39 
40 

- 

u5 
u6 

136 
m 

25 

26 
n 
29 

P 
32 

41 
3 

2 
42 

46 
47 

50 
51 

101 
la 
104 

1 1 7  

137 
1% 
135 
14C 

173 
174 

175 - 

- 
w 

OEG - 
0.01 - 

-9.4 

-9.4 
-9.0 
-9.0 
-8.6 
-8.6 
-7.9 
-7.9 

-8.4 
-7.6 

-7.9 

2.52 

2.55 
2.53 
2.66 

3.55 
3.20 
1.92 
1.64 
4.36 

4.89 

2.24 
4.w 
4.42 

-0.0 
-0.1 

D LI 

D L I  

1.61 
1.03 
0.70 
0.09 

-4.0 
2.10 

-2.7 - 

p." 
-161. 
-162. 
-162. 
-159. 
-159. 
-155. 
-155- 

144.1 
3.48.5 

129.2 

76.41 

72.10 
70.09 
61.57 

48. % 
50.67 
56.72 
58.01 
40.84 

9-06 

42.59 
8.55 
27.95 

42.11 
42-51 

OF M 

OF M 

-19.0 
-18.2 
-20.6 
-20.0 

-22.9 
-57.1 

-35.6 - 

-lo -163.3 3.298 
-9.4 - s a 8  1336 
-9.3 -362.3 1340 
-8.7 -158.0 1379 
-8.6 -157.5 1384 
-7.3 -149.2 1469 
-7.2 -148.9 1472 

-7.6 144.24 1379 
-6.1 152.33 1463 

-8.O,l28.64 1m L 3 u  0.355 

72.6 9.8 

73.3 7.4 
73.5 7.1 
74.7 7.8 

80.7 10.8 
78.7 9.6 

70.4 7.5 
85.9 14.9 

n . 9  7.4 

89.5I 16.8 

74.94 7.8 
87.13 17.8 
86.70 17.5 

!39 !34 

i20 
38 
'52 

B O .  lr. 
-0.140 
.0.Og7 
*0.08@ 
.o .m 

2.76 47.68 244 
2.38 49.66 238 
1.00 56.54 222 
0.69 57.99 220 
3.42 38.82 262 

4.43 31.45 8 6  

1.99 42.41 68 
4.04 26.64 101 
3.%8.07 99 

-0.4 42-29 56 
-0.5 42-70 56 

?63 .0.199 
)SED 
68 -0.102 
96 -0.19 
95 -0.19 

55 -0.01 
55 -0.00 

64-47 13.1 
64.1 13.3 

79.79 43.9 
75.67 U.8 
74.54 12.4 
72.G 12.3 

ARTE 

AKCB 

-0.u. 
-0.09 
-0.08 
-0.06 

0.0% 
-0.15 

0.0% - 
Table 2.3-3 (cont'd) 
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.44: 
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198. 

HIGH RESOLUTION 

0.469 

0.4n 
0.457 
0.455 
0.443 
0.442 
0.421 
0.42l 

0.443 
0.420 

0.462 

2.n. 

2.70 
2.70 
2.68 

2-55 
2.61 
2.77 
2.80 
2.42 

- 

-1~.  31 

4.23 47.62 
3.81 49.60 
2.33 56.49 
2.01 57.95 
5.00 38.74 

6.U 3-34  
2.40 42.40 
4.64 26.61 
4.56 27.04 

MOD 
PHC 

- 
TILT 
DIST 

MM 
- 
- 
2% - 

3.1. 

4.1 
0.7 
0.5 
3.4 
3.8 
10.0 
10.2 

1.4 
6.8 

1.1 

13.8 

lo. 3 
10.0 
10.9 

15.21 
13.5 
10.4 
10.6 
2.3.. 3 

24.2 

U.0 
25.7 
25.2 

18.6 
19.0 

Tl.0 
l6.8 
17.5 
17.4 

36.0 
26.1 

2&Q 

- 
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D EG 
- 
- 
__I 

140.7 

149.9 
148.1 
147.4 
141.1 
140.3 
120.8 
U8.8 

59.97 
75.53 

42.79 

9.u 

4.77 
2.74 
4.06 

0.80 
2.72 
9.50 
O.% 
2.09 

4.91 

3.30 
7.88 
8.29 

3.06 
3.47 

-19.8 
-17.7 
-20.1 
-19.5 

21.52 

3k-6 

-56.8 

ATE RESOLl 
3 CORNER < 

B 

ION 
)ORDINATES 

%.f' 177.13 8-64 175.50 
33.05179.51 9.41 176.25 
32.9 -179.8 9.44 176.80 
32.3 -174.4 9.78 -178.5 
32.2 -173.8 9.83 -178.0 
31.2 10.9 -169.7 
3l.2 -363.9 10.9 469.4 

31.4 327.68 12.0 121.32 
9 . 3  137.36 13.0 129.99 

31.4 Ill.& 10.6 107.06 
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2.4 PHOTOGRAPHIC SUBSYSTEM CALIBRATION 
' Calibration of the photographic subsystem was amom- 

plished to satis& two requirements. (1) establiih that the 
system met the specifications required to meet mission ob- 
jectives, and (2) provide data necessary for proper inter- 

' pretation and analysis of the photographs. Calibration 
measurements were made on certain components of only 
one of the photographic subsystems produced for the 
Lunar Orbiter project as indicated in Table 2.4-1. Certain 
of these measurements,required for only one photo sub- 
system or component, were not completed prior to Mission 
I because of scheduling requirements. Those tests delayed 

did not compromise probability of operational success. 

The following discussion is l i i t e d  to a description of 
calibration techniques and to some nominal values. In 
all cases, the actual calibration values fell within design 
limits. Measurement data, including the actual test film, 
applicable to the specific subsystem (Serial Number 4) 
for Mission I has been delivered to NASA. 

Tests and calibrations performed are summarized in 
Table 2.41. 

Item 

2.4.3.1 
SINE WAVE RESPONSE 
MTF OF READOUT 
DENSITY VARIATIONS 
LENS TRANSMISSION 
MTF OF LENS 
SPECTRAL TRANSMISSION 
LENS DISTORTION 
SYSTEM VEILING GLARE 

2.4.3.2 
SHUTTER SPEED 
SHUTTER LINEARITY 
PRE-EXPOSED EDGE DATA 

2.4.3.3 
PLATEN FORMAT 
PLATEN MOTION 

2.4.3.4 
BORESIGHTING 

2.4.3.5 
TIME CODE DATA 
SHUTTER TIMING 

2.4.3.6 
READOUT 

DATA AVAILABLE BASED ON SIMILAR UNIT 
DATA TO BE OBTAINED ON ONE FLIGHT LENS ONLY (NOT AVAILABLE) 
DATA TO BE OBTAINED ON ONE PS AT A LATER DATE 

DATA ACCOMPLISHED WITH 
DATA AVAILABLE ON BOTH PLATENS AT THREE SHUTTER SPEEDS AND TWO V/H RATIOS 

Table 2.41: Photographic Subsystem Tests and Calibrations 

2.4.1 SPACECRAFT PHOTOGRAPHIC SUBSYSTEM 

The Lunar Orbiter photo subsystem was designed prima- 
rily for photo reconnaissance, and as such did not employ 
optics, film, or Reseau control required for photogram- 

metry. Limitations of the photo subsystem h d  ground re- 
construction of photographs constrain use of photographs 
for this purpose. Because the importance of metrical meas- 
urements was later realized, calibrations were performed 
on the camera system to permit at leastpartial corrections 

/ .  
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for known distortions. The following paragraphs describe 
the tests performed. Specifc calibration data are not in- 
cluded here as the measurement data has been submitted 
to NASA for evaluation. 

2.4.1.1 LENS - FILM CHARACTERISTICS 

Sine-Wave Response 

The capability of a camera system to resolve image de- 
tail under ideal conditions is a function of its optical 
system and the characteristics of the photographic film 
recording the image Therefore, both lens and film must 
be considered together. The sine-wave response or modu- 
lation transfer function (MTF) provides a measure of 
this capability. Further, the MTF provides a technique 
for following the effect on the image of each operation 
lens to the photograph being examined by the analyst. 
The MTF is a function that relates image modulation to 
target modulation as a function of spatial frequency. The 
lens-film system is used to photograph a target, similar 
to a bar pattern, on which the intensity varies as a sine 
function of constant amplitude and with pn increasing 
frequency of variation per unit length (i.e., cycles per 
mm). Test targets provide for measurement of radial 
and tangential MTF as a function of field angle and 
density. Exposures are made both at the camera level 
and at the subsystem level where the film is processed so 
that the film-Bimat function is included. Pertinent pro- 
cessing and environmental parameters are included in 
the calibration data. A typical MTF curve for the on- 
axis position of the 80-mm camera is shown in Fig- 
ure 2.41. 

0.50 

0.40 

Z 9 0.30 
c 

2 8 0.20 
2 

0.10 

0.00 

0.O-QEGREE LENS FIELD ANGLE 
3:l CONTRAST 
HETEROCHROMATIC 
R, = 130 LINES PER MM 
Ry = 130 LINES PER MM 

AIM (50-243 WITH BIMST) 

FREQUENCY (LINES/MM) 

Figure 2.41: Modulation Transfer Function- 
80-mm Lens 

Lens Transmission 

 ens transmission varies as a function of wavelength. 
However, this factor largely can be neglected for the 
Lunar Orbiter camera, since only black-and-white photo- 
graphy is used and also because of the apparent ab- 
sence of appreciable color contrasts on the lunar sur- 
face Of considerably more importance is the variation 
in transmission with off-axis lineof-sight and the dif- 
ference in transmission characteristics between the 610- 
and 80-mm lenses. 

Lens transmission is determined on-axis and off-axis at 
&degree intervals along the diagonal of the field of 
view. An accuracy of -2% in the measurement is ob- 
tained. Typical lens transmission for both the 610- and 
80-mm lens is shown in Figure 2.42. The difference in 
transmission characteristics should be noted because 
of the direct bearing on relative exposure of the photo- 
graphs taken with the respective lenses. 

, 

I 

1 . I  

0.' 

0.1 

0.: 

0.4 

0.: 

0.1 

0. 

0.  

0.  

610-MM 0 5 10 15 
ao-MM 5 10 15 20 25 30 

LENS SCALE 

Figure 2 . 4 2  Lens Transmission - - 80-mm 
and 610-mm Lenses 

Transmission data of the specific 80-mm lens used on 
Mission I was not obtained because of a replacement that 
was made in the camera system prior to acceptance. 

Distortion 

Both radial and tangential distortion of the 80-mm lens 
is determined. These measurements are made on each 
flight lens to an accuracy of 10 microns at the film 
plane, and are performed at camera level. Tests are 
conducted using the collimator method as defined in Mil- 
Standard 150& Photographic Lenses. Equivalent focal 
length - - the focal length for best camera definition - - 
as well as the calibrated focal length are determined. The 
calibrated focal length is the adjusted focal length to 
distribute the effects of lens distortion over the entire 
field. 
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If y is the radial distance of the object point from the 
optical axis, yo' the ideal distance of the corresponding 
image point, and a the off-axis angle, freedom from dia 
tortion is defned by 

Nominal 

1/25 sec 

1/50 sec 

1/100 Sec 

y i  = f t a n a  

where f is the lens focal length. In the presence of dis- 
tortion, the actual position of the image point, y', differs 
from yo'. Then the radial linear distortion, D, is given 
by 

D = y o  - y i  

Tangential distortion is caused by imperfect centering of 
lens elements. It results in displacement of the image 
point and is measured in the direction perpendicular to 
the radial lines. 

Actual 

30-50 milliseconds 

15-25 milliseconds 

7.5 - 12.5 milliseconds 

Both radial and tangential distortion of the 80-mm 
Schneider Xenotar lens is plotted in Figure 2.43. 

mare and Glare 

Veiling glare is determined at both system and lens levels. 
Each of the lenses i s  measured for veiling glare to an 
accuracy of 2% to ensure that the lens meets require 
ments. One camera system will be subjected to a veil- 
ing glare test using Method 34 of the Mil-Standard 15OA 
methods. The test is performed for both camera and film 
with the film processed in the photo subsystem. The 
camera-level test is made to ensure that no light reflee 
tions from any internal camera surfaces or from the 
platen occur, In comparison to the veiling glare origi- 
nating in the lens itself, reflections withii the camera 
are neg€igible. 

2.4.1.2 EXPOSURE CALIBRATION AM)  CONTROL 

Shutter Speeds 

The speed of the 80-mm-lens shutter is measured in 
accordance with Paragraph 6.3 of Eastman Kodak Com- 
pany Procedure QG&310, In Process Test Procedure 
for 80-mm Shutter. The shutter is placed between a light 
source and a photocell. The output of the photocell, 

uniform calibrated light source as the shutter is opera- 
ted. The exposed film is processed by standard methods 
and the resulting density is scanned, in the direction of 
curtain travel, at 5-mm intervals by a precision densito- 
meter. Requirements for shutter speed linearity are: 

Nominal Speed Tolerance 

1/100 

Edge Data 

Edge data consistency is determined. The data pro- 
cessing checks - - consisting of measured densities and 
the flash lamp record - - have been supplied to NASA, 

-30 -20 -10 0 10 20 30 

FIELD ANGLE (DEGREES) 

Figure 2.43 Radial and Tangential Distortion 
- 80-mm Lens 
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2.4.1.3 IMAGE MOTION COMPENSATION 

V/H Sensor 

The V/H sensor is tested, at the photo subsystem 1W& 
accordim to ParanraDh 6.3.8 of Eastman Kodak Pro- 
cedure 1331-107, SeDtance Test Procedure for Photo- 
graDhic Subsvstexq, by means of the V/H test set. Stan- 
dardized VIH ratios and crab angle errors, generated 
by the test'set, are optically sensed-by the sensor. Sen- 
sor outputs obtained from the VfH ratio test point are 
then compared with the known values supplied by the test 
set. Response times of the sensor to change in the value 
of the V/H ratio and crab angle error are also deter- 
mined during calibration. 

The V/H ratios are used in the calibration range be- 
tween 0.0066 and 0.045 radian per second and the 
crab angle errors between * 3 degrees. The sensor out- 
put error should be within 1% of the V/H ratio. The 
response time should be less than 2 seconds for a 1% 
step change of 50%. The crab angleerror should track 
within 0.0225 degree per second. 

Platen Motion 

A determination of the motion of the 80-mm platen was 
made with respect to its rest position during an exposure 
of 0.04 second and at a nominal image motion com- 
pensation (IMC) rate of 0.010 and 0.0375 radian per 
second. Shutter timing is established to occur at the 
center of the linear portion of the IMC platen motion. 

2.4.1.4 TIMING 

Time Code 

The time code exposed on each dual frame is generated 

by a combination of signals from both the photo sub- 
system and the spacecraft. The time interval between the * 
start of a camera cycle and the request for time by the 
photo subsystem from the spacecraft is determined in 
accordance with Paragraph 6.2, Section 3 of Boeing 
Document D2- 100457-1, Photo Subsystem Procedures- 
Lunar Orbiter. The 20-bit time code is generated withii 
70 +50, -65 milliseconds following photo subsystem re- 
quest. 

Exposure 

n e  time difference between the start of 610-mm focal- 
plane shutter and the 80-mm shutter is determined in 
accordance with Paragraph 6.7 of Eastman Kodak Pro- 
cedure QC-B-319, In Process Test Procedure for Camera 

A light source is positioned in front of the F mm lens and a photocell behind it. The time in- 
terval between the signal actuating the 80-mm shutter 
and the photocell response is measured on an oscillo- 
scope. The time differed required is between 30 and 
50 milliseconds. 

. 

2.4.1.5 IN-FLIGHT CHECKS 

Measurements of the in-flight readout of flight film leader 
targets were made and correlated to a sample of film 
removed prior to flight. The data was also correlated 
to the measurements made, during prelaunch readout, on 
the GRE fiim. 

2.4.2 GROUND EQUIPMENT 

Standardization and control procedures used to main- 
tain proper operation of the ground reconstruction 
system are discussed in Section 2.5.5. 



2.5 PHOTQGRAPHIC MISSION ANALYSIS 

’ 
This section considers premission planning, flight opera- 
tions, ground reconstruction, and production of the photo- 
graphs with respect to the photographic results of the 
mission. Problems and real-time solutions are analyzed 
and discussed in detail. 

film management was carefully planned to position the 
particular frames selected for priority readout attheproper 
location at the ,time when readout could be accomplished. 
This had to be done within the following constraints: 

Premission studies (Boeing Document 02-100293-1. Jan- 
uary 7, 1965, Picture DataS stems Anal s i r  and Boeing 
Document D2- 10062-ects of Illum- 
ination on Signal-to-Noise Ratio for the P-5 Mission Photo- 

ra h ) had indicated that, to meet the surfacefeature gmr e t d o n  criteria. the on-axis ohase angle must be within 
the range of 50 to 75 degrees. hediction-of effective illum- 
ination or reflection of the lunar surface was subject to 
appreciable uncertainty because of inadequate information 
on the normal albedo and the photometricfunction. The 
estimated uncertainty was as much as 40%. Direct measure- 
ments of normal albedo, by ddinition, are impossible to 
obtain by Earth-based observation. Values must be derived 
by extrapolation of data taken when lunar reflectance 
changes rapidly with change in phase and based on a 
limited range of observational geometry. 

Albedo values used in early premission studies were based 
on an albedo chart prepared from unpublished data by 
Shorthill and Saari referenced to values reported by 
Sytinskaya(Sytinskaya, N.N. (USSR), Svondnyy katalog 
absolyutnykh znacheniy visual’nay otrazhatel’ noy sposo- 
hnosti 104 lunnykh ob’yektov, Astronomicheskii Zhurnal 
30295 (1953)). Corrections to this data were made on 
the basis of further studies. Just prior to launch, revised 
albedos based on USGS measurements were supplied by 
NASA 

Limitations on acceptable phase angle were a major con- 
straint on mission design since it was necessary to have 
the spacecraft pass over each target position, in turn, at 
a time when illumination was within the specified limits. 
Because of target locations and orbital parameters, site 
photography was accomplished during the descending 
node and with morning illumination. 

2.5.1 PHOTQGRAPHIC ANALYSIS 

A mission designed months before the actual launch of 
Lunar Orbiter I demonstrated that the spacecraft could 
meet the requirements of a typical lunar photographic 
mission withii limitations of the hardware design. Testing 
defined hardware capabilities andidentified potential prob- 
lems that had to be recognized in mission design. The 
design was repeatedly improved to take advantage of the 
new data. The resulting “nominal mission plan” served as 
the guide line for the actual mission. This plan not only 
satisfied all known hardware limitations, but scheduled 
processing and readout periods within these constraints to 
provide “priority readout” of selected frames prior to the 
complete final readout. Priority readout of all or parts of 
5 1 high-resolution frames and 50 moderateresolution 
frames was planned. Particular frames were selected for 
operational evaluation and control as well as to provide 
stereo samples of each primary photographic site in case 
final readout could not be completed. 

The starting point for readout following a processing 
period is determined by position of frames at the end of 
that processing period. In accordance with this operation, 

1) To avoid Bimat stick, process at least two dual 
frames every 15 hours. 

2) To avoid Bimat dryout and accompanying pro- 
cessing degradation, process at least two dual 
frames every 4 hours. 

3) The camera storage looper capacity is 20 dual 
frames. 

4) The camera storage looper should alwayscontain 
a minimum of two dual frames, and can accept a 
maximum total of 20. 

At least two frames are required in the camera storage 
looper to enable Bimat cutting at any time should film 
advancement through the camera become impossible. This 
capability was not provided early in the mission as it 
would have either used one additional frame of frlm and 
Bimat or would have lengthened the time the splice was 
under tension. To read out more than four continuous 
frames of data, frlm must pass backward throughthe pro- 
cessor-dryer. This is physically impossible as long as 
film and Bimat are in mutual contact. To cut and clear 
Bimat requires the processor to be running with at least 
two frames available to expel the Bimat after it is cut. 
Thus, these two frames must be available in the camera 
storage looper if the camera became inoperable. 

For a comdete list of existing constraints refer to Boeine: 

mescript ion of the planned mission and 
the associated photo subsystem management techniques. 

In the actual miss?on, photography was begun according 
to the plan by advancing 11 frames to move active film 
into the camera. This was followed immediately by pro- 
cessing 11 frame lengths. Until this time the taped splice 
connecting the spacecraft film to the leader was safely on 
the supply reel under several wraps of leader. Camera 
activity was timed to complete processing just before Sun- 
set of the orbit planned for Site 1-0 photography. A se 
quence of 16 frames were taken of Site 1-0, followed im- 
mediately by a sequence of four frames. This faed the 
camera storage looper to capacity. All 20 frames were 
immediately processed, moving the taped splice completely 
through the system onto the takeup reel. The splice was 
then no longer in tension or in danger of separating. This 
began a period i s  which the Bimat stick constraint was 
satisfied by processing at least two frames every four orbits. 
However, the Bimat dryout constraint was ignored because 
only processing degradation insomeless important frames 
was expected. 
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At this point, approximately three frame lengths of exposed 
processed film was in position to be read out on Orbits 
27, 28, and 29. As this film was read out, it was stored 
in the readout looper until Orbit 30 when two frames of 
film were processed. This processing emptied the readout 
looper and advanced two more frame lengths past the 
optical-mechanical scanner for subsequent readout on 
Orbits 31 and 32. 

It was in this early readout that problems were detected in 
the high-resolution system. However, the first frame of Site 
1-0 appeared to be sharp. Because of this it was desired 
to look at the first high-resolution photograph of the se- 
quence of four that followed Site EO to see if it, too, were 
sharp. Early readout of this frame was not planned pre- 
viously and was not possible without exposing and pro- 
cessing additional frames to advanceit to readout position. 
Ten exposures were made on Orbit 39 and 8.4 frame 
lengths were processed. Processing this exact amount 
positioned the film so that one frame length of readout 
would include a portion of each of the first two high- 
resolution frames of the sequence of four. Inspection re- 
vealed faulty shutter timing on each. Further analysis of 
the first high-resolution photo of Site 1-0 that appeared 
sharp revealed that it was a double exposure, and that 
one of the images was smeared. 

At this time one of the photo analysts reported possible 
evidence of Bimat stick. Processing then was increased to 
at least two frame lengths every other orbit, until photo- 
graphing Site 1-1. This also required exposing additional 
frames not previously planned. 

The higher V/H values obtained by transferring into the 
second ellipse did not correct the problem as anticipated. 
Various test exposures were proposed and carried out to 
diagnose the problem. Of course, for these exposures to be 
helpful, processing had to be scheduled to enable their 
being read out. Also included in the testwere other special 
photographs, such as the first Earth photo, which was 
taken on Orbit 16 of the second ellipse. Early readout of 
this frame, during Orbit 31, was also scheduled. Camera 
testing was not allowed to interfere with photography of 
Sites 1-1, 1-2, and 1-3, which were photographed with 16 
frames each as originally planned. However, by the time 
Site 1-4 was reached, 14 additional exposures had been 
made for testing or other purposes, and there was not 
enough film to complete the mission as previously planned. 
Coverage of Sites 1-4, 1-6, and 1-8.1 was therefore reduced 
from 16 to eight frames each. The eight frames of Sites 
1-4 and 1-6 were taken at the slow rate but the eight frames 
of 1-8.1 were taken at the fast rate. This appears to have 
saved 24 frames, when only 14 were needed. However, to 
avoid Bimat dryout it was still necessary to process two 
frames every orbit To satisfy this processing requirement 
and, because of the number of orbits between photo sites, 
it was necessary to take additional frames. 

Other changes to the film management plan were found 
necessary when the number of orbits between photo sites 
was increased from that planned. This sometimes required 
exposure of an additional film-set frame and processing of 
additional frames. Satisfying these requirements used the 
rest of the 24 frames saved at Sites 1-4, 1-6, and 1-8.1. 

The landing point of Surveyor I was called Site 1-9.1 in 
the planning mission. The coordinates of this point were 
changed shortly before photography. This new location 
was given the designation 1-9.2. 

It was not originally planned to read out in the priority 
mode any of the photos taken of the Surveyor I landing 
site. Because of the importance of these photos, however, 
the decision was made to delay cutting the Bimat until 
after some of them were read out Aplan wa8 devised and 
implemented in which three consecutive exposures of each 
of the two 16 -frame passes of the Surveyor I site were 
read out. A sequence for cutting the Bimat and advancing 
the last exposure to the readout position was successfully 
carried out on Orbit 65, enabIing final complete readout 
to commence on Orbit 66. 

2.5.1.1 SITE PHOTOGRAPHY 

Exposure 

* 

' 

Shutter settings during the early part of the mission were 
based upon the predicted albedo for each site. The original 
values were revised twice before the mission was flown. 
These values are listed in Table 2.5-1. The maximum 
acceptable phase angles were desirable to obtain increased 
contrasts and optimum compromise of signal-to-noise 

ites. Planning was based upon minimum atios at all 
lbedo withir 

SITE 

1-0 
1-1 - 
I -2 
1-3 
1-4 
1-5 
1-6 
1-7 
1-8.1 
19.2 

le planned target area 

INITIAL 
PLANNING 
MINIMUM 

- 
0.065 
0.097 
0.070 
0.108 
0.075 
0. loo 
0.065 
0.055 
0.055 

CORRECTED 
MINIMUM 

0.065 
0.060 
0.090 
0.065 
0.108 
0.070 
0.095 
0.060 
0.055 
0.055 

USGS 
VALUE 
USED 

0.065 
0.081 
0.118 
0.075 
0.135 
0.076 
0.125 
0.076 
0.069 
0.068 

Table 2.5-1: Predicted Site Albedoes 
Mission trajectory and orbit design were based on patched 
conic computations using Clarke's model of the Moon 
without Earth effects. With a Site 1-3 maximum phase 
limitation of 70 degrees, the phase at each site was deter- 
mined. The phase angles that were predicted and the actual 
phase angle obtained at each site are tabulated in Table 
2.5-2. In each case, the phase shown is for the on-axis 
line of sight 

Variations in the obtained phase from planned values are 
due to deviations of the actually attained orbit and orbit 
parameters fromthe premissionprediction andlunar model 
used. The exposures predicted for each site and those 
actually used are shown in Table 2.52. 

Selection of proper shutter speed required consideration of 
image density, signal-to-noise ratio, contrast, image smear, 
differential lens characteristics, and possible deviation of 
the system from nominal. During photography of the first 
few sites, exposure was weighted more toward character- 
istics of the 610-mm lens but later biased more toward 
those of the 80-mm lens. 
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- 
SITE 

1-0 
1-1 
1-2 
1-3 
1-4 
1-5 
1-6 
1-7 
1-8.1 
1-9.2a 
1-9.2b 

- PHASE ANGLES 

PRED ICTEO - -- 
61.8 
66.3 
68.7 
68.3 
68.4 
54.0 
56.3 
61.2 
66.3 
64.5 - 

ACTUAL 

62.9 
60.9 
65.4 
69.2 
68.5 
68.6 
54.1 
58.3 
59.3 
63.6 
62.2 

- 

- 

SHUTTI 

PREDICTED 

-- 
0.02 
0.02 
0.04 
0.02 
0.04 
0.02 
0.02 
0.04 
0.04 
0.04 

SPEED 

USED 

0.02 
0.02 
0.02 
0.04 
0.02 
0.02 
0.01 
0.02 
0.02 
0.02 
0.02 

- 

Table 2.5-2 Primary Site Phase Angles 
and Shutter Speeds 

The brightness range of the lunar surface exceeded system 
limitations and resulted in underexposure and overex- 
posure withii limited areas because of topography and 
variation in surface character. This occurs in areas of 
rugged terrain, or those including both upland and mare 
areas of widely differing albedo, or where bright rayed 
craters occur in maria, It commonly occurs within craters 
where both hard shadows and the very bright opposite 
slopes are found. 

The general overexposure of the 80-mm-lens photographs 
is due principally to higher lens transmission and un- 
certainties in photometric data rather than to system mal- 
function or to improper operational control. Selection of a 
shutter speed was based upon a lunar luminance predicted 
on the basis of the best information available. Where post- 
mission analysis of photographs indicated that the shutter 
speed used was too fast or too slow, the error is attributed 
to the difference between the predicted and the actual lum- 
inance of the area photographed. 

Coverage 

Target site coverage expected from the nominal altitude of 
46 km was 37.8 by 90.6 km in moderateresolution and 
16.5 by 63.0 km in high-resolution. This is based on a 
16-frame sequence exposed in the fast mode to provide 
87% overlap of moderateresolution and 5% in the high- 
resolution. 

Actual coverage of the target areas was very close to that 
planned at all sites except 1-4, 1-6, and 1-8. At Sites 1-4 
and 1-6 where eight frames were exposed in the slow mode, 
areal coverage by the 80-mm lens was increased by 60% 
because of the decreased overlap. The fast sequencing mode 
was used at Site 1-8.1 and therefore the 80-mm lens cover- 
age was decreased to 64% of that planned. The actual area 
included in the moderateresolution photographs compared 
with premission planned is shown for each primary site 
in Figures 2.2-8through 2.2-19. Thecoverageofthe photo- 
graphs was determined from the computed locations of the 
photograph corners and by comparison of the features 
included in the photographs with the representation on the 
A. C. I. C. LAC and AIC series of lunar charts. The coverage 
of some sites appears slightly distorted from the planned 
coverage. This is caused by a slight tilt of the camera 

axis from nadir and by change in altitude of the space 
craft during the sequence. 

Resolution 

The moderateresolution lens produced photographs con- 
sistently having resolution better than the specified require 
ment on axis, where exposure was correct. Features of 
the minimum required size were detected and usually identi- 
fied at all sites. Detection of limiting size detail became 
difficult only where scene contrast was low due to surface 
character or where exposure was excessive. Routinewalua- 
tion of resolution was based upon examination of a second- 
generation copy of the 35mm reconstructed record. The 
requirement criterion was detection of surface detail span- 
ning four or less scan lines, since this measure of system 
performance is independent of spacecraft altitude. 

No attempt was made to establish a measure of resolution 
for 610-mm site photographs because of image smear. It 
has been pointed out in Section 2.2 that detection of the 
presence of detail smaller than that resolved by the 80-mm 
lens frequently was possible by the characteristics of the 
streaked image. 

2.8.1.2 OTHER PHOTOGRAPHY 

Film budgeted to satisfy film-set or Bimat dryout con- 
straints was used to photograph other locations selected 
during the mission and presented problems of spacecraft 
operation and control that were unprecedented. Prior to 
this mission, operation of unmanned spacecraft was ac- 
complished by commanding execution of certain pro- 
grammed sequences; thus little flexibility was allowed in 
conduct of a mission. The Lunar Orbiter design included 
provisions for changing the mission and inserting real- 
time commands to increase the accuracy and versatility 
of mission photography. 

Nearside Photography 

Most of the nearside camera operations required to satisfy 
fiim-set and Bimat dryout constraints were used to provide 
a preliminary assessment of potential target areas for 
Mission B, to obtain photographs of scientificvalue, or to 
supplement photography of some Mission I sites. The 
spacecraft was in Sun-Canopus orientation or pitched off 
Sunline; therefore, the camera axis did not coincide with 
the vehicle nadir, and the photographs are to some extent 
oblique. The amount of obliqueness is a function of space 
craft position in its orbit at the time of exposure and its 
attitude. Coordinates of the corners of each photographs, 
data defiing the spacecraft attitude, the illumination, and 
other photographic parameters will be found inthe tabula- 
tion of photo data, Section 2.3. 

In most cases, aparticular feature, location, or illumination 
condition was selected prior to camera operation. The time 
constraint was flexible enough to permit variation of posi- 
tion in the orbit for the exposure. This flexibility allowed 
the proper true anomaly and time of exposure to be com- 
puted for each operation to obtain a photograph of the 
selected area, Where the spacecraft was not in a particu- 
lar area of special interest for a constraint operation, the 
exposure time yras selected to occur at or near perilune. 
Preliminary photographs of potential Mission B sites were 
given first priority. However, passage of the spacecraft 
over these locations did not alwa s occur when the film- 
set operations were scheduled. Pgotographs at or near 
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seven of the 11 proposed Mission B sites were obtained. 
Although scheduling of the constraint operations was pre- 
determined in mission planning, the photography of un- 
planned specific targets required computation and space 
craft control essentially in real time since each target p r e  
sented a unique problem. 

Farside Photography 

Photography of the Moon’s farside was discussed during 
mission planning and was considered to be desirablefrom 
the standpoint of scientific interest and of value to the 
Apollo mission for information on possible landmarks. 
However, the coverage was not planned for the mission 
because of the increased hazard of additional maneuver 
sequences and the anticipated problems of guidance and 
control. 

Based on the excellent operation and control of the space 
craft at Site 1-0, it was apparent that unplanned operations 
were feasible in real time. The decision to attempt farside 
photography using some of the film budgeted for the con- 
straint camera operations was made. In one case, a series 
of camera operations for tests associated with malfunction 
of the focal-plane shutter was used for farside photography. 
Eleven frames of the farside were exposed, eight of which 
were taken while the spacecraft was in the first ellipse. In 
all cases, these photographs required reorientation of the 
camera axis which pointed away from the Moon while 
in cruise mode ( Sun-Canopus orientation) over the farside. 
Reorientation was accomplished by a roll maneuver of 
approximately 180 degrees but without a change in pitch 
or yaw. This photography occurred during Earth occulta- 
tion; thus, the necessary commands were placed in memory 
for execution on the basis of programmed spacecraft 
times. 

The nature of the orbit resulted in all farside photographs 
being taken from relatively high altitudes. The resulting 
extended coverage, particularly by the 80-mm lens, 
spanned a wide range of surface illumination. The illumin- 
ation and average slope dueto curvatureofthe Moon was 
expected to result in a brightness range possibly exceeding 
the latitude capabilities of the system, Therefore, a shutter 
speed of 0.02 second was selected asalogical compromise 
for all farside photographs. 

Most farside photographs were exposed during tests made 
to diagnose the malfunction of the focal-plane shutter. All 
moderateresolution and seven high-resolution photos were 
of high quality; they provided information of outstanding 
value. Over three million sauare kilometers of the farside 
was photographed. Becaus; of the high altitude, approxi- 
mately 80% of the farside photography is overlapping 
coverage. 

Earth Photos 

These paragraphs describe the nonstandard photos of the 
combined Earth and Moon’sliib that were taken in Orbits 
16 and 27 of the secondellipseduring Mission I. Included 
is a summary of the evolution and execution of these 
photos as well as technical data relating tothe designed 
photos. 

Origin of Photos 

The initial idea of taking a photo of Earth from lunar 
orbit probably dated back at least as f a r  as the proposal 

stage. Discussion of the idea of taking such a photo with 
and without the inclusion of the Moon’slimb had occurred 
within the flight operations team duringthe 6 to 12 months ‘ 
before the mission. Such discussions were of apreiiminary 
nature for there was no direction to include such a photo 
in the mission. During the mission, however, the first 
serious thought of taking such a photo was expressed by 
NASA personnel on Day 234 at about 0500 GMT. This 
discussion convinced the mission director that FPAC had 
the procedures and software available to design thisphoto 
mission. Formal direction to proceed with the design of 
this photo for Orbit 16 was given, and the design was 
completed. 

After the Orbit 16 photo was taken, FPAC was informed 
that the spacecraft might have“set” (with respectto Earth) 
about 1 minute earlier than the “set” timeused for design. 
If this were true, the MOOP’S limb would have occulted 
most of the Earth, and the resultingphoto would not have 
included the illuminated portion of the Earth. Because of 
this uncertainty, the FPAC team suggested that one more 
such photo be taken, the new photo to be designed with 
greater spacing from Earth to Moon limb. The mission 
director provided formal direction to design the photo for 
the fiim-set frame on Orbit 27. 

Orbit 16 Photo (Frame 102) 

The fiist design of this photograph was completedusing a 
threeaxis attitude maneuver. The commands were: 

Phototime: Day235 16356.3 GMT 

HRoll: 6.97 degrees 

Yaw: 14.73 degrees 

Pitch: -165.77 degrees 

‘ 

A constraint-new to FPAG- was reported. The photo sub 
system was not designed to operateproperly dueto a volt- 
age level constraint if the solar panel orientation exceeded 
45 degrees from the Sunline. (On the basis of later infor- 
mation, it is not known how far the panels can be from 
the Sun for one frame. Thus, singleframe photos may, in 
the future, not be limited by this constraint.) A two-axis 
maneuver that did not violate this constraint was computed 
and the photo time was adjustedbasedonimproved track- 
ing data. The final commands were: 

Photo time: Day 235 163623.0 GMT 

HRolk 188.69 degrees 

Pitch: 25.56 degrees 

The equivalent first roll maneuver (360 degrees-188.69 
degrees=171.31 degrees) caused the Canopus tracker to 
intercept the bright Moon while the 188.69-degree roll 
resulted in the low-gain antenna passing through the edge 
of a null region. The latter maneuver was adopted as 
being less risky. 

The choice of photo time is based onthe predicted DSS61 
Earthset time of 163238.0. 

It is expected thattheactualphotocoveragewill be affected 
more by errors in the photo time than attitude pointing 
errors. Generally, attitude errors are about 0.1 degree, 
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TIME OF PHOTO: 23 AUGUST, 1966 ( DAY 235 ) 

16:36:23.0 (GMT ) OR 09:366!3.0 ( PDT ) 

STATE VECTOR, SELENOCENTRIC MEAN 1950.0 COORDINATES 

X = - 2498.7714 km, = -1 128.8056 km, 
Y = 1,1521353 km/sec, 

2 = -1046.2494 km 
2 = - 0.38538441 km/sec = 0.21 174442 km/sec, 

REFERENCE TRAJECTORY RUN : TRJL, 8-23-66, TAPE 833 ,  lTEM 2424 

SPACECRAFT ORBIT, SELENOGRAPHIC COORDINATES 

PERILUNE ALTITUDE 51.8 km 
APOLUNE ATTITUDE 1858.7 km 
INCLINATION TO LUNAR EQUATOR 
ARGUMENT OF PERILUNE 183,4 DEGREES 

TIME OF LAST PERILUNE 

11 697 DEGREES 

LONGITUDE OF ASCENDING NODE 203.0 DEGREES 
23 AUG., 1966 15 I 45 : 52.6 GMT 

M O O N  
NORTH 

LUNAR EQUIVALENT POLE LUNAR EQUIVALENT OF 
OF PRIME MERIDIAN INTERNATIONAL DATE LINE 

LUNAR EQUATOR 

APOLUNE 

NOTE : ECRAFT POSITION 
ME OF PHOTO: 

M O O N  RADlUS = 1738.1 km TRUE ANOMALY = 123“ DEGREES 

Figure 2.5-1: Design of Earth-Moon Photograph: Orbit 16 

while trajectory timing errors are about 10.0 seconds. 
Since the Moon is entering the camera field of view at 
about 0.023 deglsec, Moon inaccuracy of about 0.23 
degree results. Technical data for the photo design is 
summarized in Figures 2.51 through 2.5-8. 

Orbit 26 Photo (Frame 117) 

On Day 236 at 0900, a direction to design the second 
Earth photo for Orbit 27 was ’given. This design was 
completed and commands released at 1 4 3 0  

Photo Time: Day 237 07150.0 GMT 

HRoll: -173.00 degrees 

pitch: 45.40 degrees 

A more conservative approach was adopted for this photo 
by spacing the Earth disk and Moon limb 1.0 degree 
apart. Thus, large timing errors-as indicated by the ap- 
parent early DSS-61 ctset” oftheorbit 16photo-would not 
cause occultation of any part of the Earth, but if these 
errors did not really exist, less of the Moon would be 
seen. 

The predicted Earthsets in this orbit were: 

DSS 41: Day 237 0717:58.0 GMT 

DSS 12: Day237 071629.0 GMT 

See Figures 2.51 through -8 for detail summary of this 
photo. 
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EARTH - MOON GEOMETRY 

SPACECRAFT LATITUDE 

SPACECRAFT LONGITUDE 
SPACECRAFT ALTITUDE 
SUN LATITUDE 
SUN LONGITUDE 
EARTH LATITUDE 
EARTH LONGITUDE 
MOON LATITUDE 
MOON LONGITUDE 

SELENOGRAPHIC 
COORDINATES COORDINATES 

24.02 DEGREES 150.52 DEGREES 

379,720. KM 
11.52 DEGREES 1.50 DEGREES 

291.35 DEGREES 90.34 DEGREES 

I .96 DEGREES 
7.36 DEGREES 

-22.91 DEGREES 
24.06 DEGREES 

OTHER IMPORTANT PARAMETERS ARE: 

0 AS SEEN BY SPACECRAFT: 
ANGULAR SEMIDIAMETER OF MOON: 
ANGULAR SEMIDIAMETER OF EARTH: 
ANGLE FROM CENTER OF EARTH TO CENTER OF MOON: 37.13 DEGREES 
ANGLE FROM CENTER OF EARTH TO NEAR LIMB OF MOON: 0.82 DEGREE 

36.31 DEGREES 
0.947 DEGREE 

e ON THE EARTH 
ANGLE FROM SUBSPACECRAFT POINT TO TERMINATOR: 
ANGLE FROM TERMINATOR TO POLE: 

6.7 DEGREES 
11.5 DEGREES 

ROUGH SKETCH OF EARTH 
AT TIME OF PHOTO 

EUROPE 7, t pNoSRETH 

' SUBSPACECRAFT 
POINT 

Figure 2.5-2 Earth-Moon Geometry 
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SKETCH OF EARTH-MOON-SPACECRAFT 
GEOMETRY AT TIME OF PHOTOGRAPH 

EARTH POLE 

NOTE: 
THE LUNAR EASTERN TERMINATOR ALMOST 
COlNClDES (WITHIN 2 DEGREES) WITH THE 
LUNAR EQUIVALENT OF THE DATE LINE. 
SIMILARLY, THE WESTERN TERMINATOR IS 
NEAR THE PRIME MERIDIAN. 

MOON POLE 

APOLUNE 

Figure 2 .53  Earth-Moon-Spacecraft Geometry at h m e  of Photography 
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CAMERA AXIS POSITIONING 

IN SPACECRAFT IRU COORDINATES (PRIOR TO 
ANY MANEUVERS) 

EARTH CONE ANGLE: 83.2 DEGREES 
EARTH CLOCK ANGLE: 278.6 DEGREES 
MOON CONE ANGLE: 119.1 DEGREES 
MOON CLOCK ANGLE: 268.7 DEGREES 

SUN 

t X (ROLL) 

IN THIS FIGURE A N  APPROXIMATE TWO-AXIS 
MANEUVER I S  EASILY VISUALIZED: 

+ROLL BY= EARTH CLOCK -90 DEGREES 
188.6 DEGREES 

+PITCH BYz20' + (90'-EARTH CONE) 
z26.8 DEGREES 

HOWEVER, POSITIONING AIM POINT 1 .O DEGREE 
FROM CENTER OF EARTH, AND COMPUTING 

MANEUVERS IN FAIL PROGRAM, GIVES THE 
FINAL ATTITUDE COMMANDS: 

H-ROLL: 188.7 DEGREES 
PITCH: 25.6 DEGREES 

NOTE: MOON LIMB EXTENDS ABOUT 0.16 DEGREE 
OVER AIM POINT. HENCE, THIS MUCH OF 
EARTH DISK (DARK SIDE) IS OCCULTED BY 
MOON. 

FIELD OF VIEW: HIGH-RESOLUTION CAMERA 

2 

+CLOCK ANGLE 

5.170- 

?LANE OF 
MOON- 
SPACECRAFT- 
EARTH 

e- 

14.5' 
. - 1, +CONE 

ANGLE 

SELENOGRAPHIC 
POSITION: 
LAT. -13.7' 
LONG. 99.7O 
AIM POINT TO 
SPACECRAFT 
DISTANCE 
= 2249 (KM) 

Figure 2 .54  Camera Axis Positioning 
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SPACECRAFT MANEUVERS 

H-ROLL: 188.7 DEGREES 

PITCH: 25.6 DEGREES 

CANOPUS 

INITIAL 
SPACECRAFT 
ORIENTATION 

Figure 2.5-5: Spacecraft Maneuvers 
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Time of Photo: 25 August 1966 (Day 237) 
07:15:00 GMT or 00:15:00 PDT 

State Vector, Solenocentric Mean 1950.0 Coordinates 
X = -1939.3018 Y = -2332.1688 Z = -1353.4807 
5( = 0.64839479 9 = -0.83005038 2 = -0.14950476 

Reference Trajectory Run: TRJL 8-2366, Tape 8893, Item 2554 

Spacecraft Orbit , Solenographic Coordinates 
Perilune altitude 49.1 km 
Apolune altitude 1861.1 km 
Inclination to Lunar equator 12.08 degrees 
Argument of perilune 185.7 degrees 
Longitude of ascending node 180.2 degrees 
Time of last perilune 25 August 1966, 06:05:18.8 GMT 

Earth-Moon Geometry 

Earth longitude 
Moon latitude 
Moon longitude 
Other important parameters are: 
* k seen by spacecraft . . . 

Angular semidiameter of Moon: 31.55 degrees 
Angular semidiameter of Earth: 0.927 degrees 
Angle from center of Earth to center of Moon: 33.11 de 
Angle from eenter of Earth to near limb of hhn:  1.56 %g 

Figure 2.5-6 Design of Earth-Moon Photograph Orbit 27 

O N  THE EARTH 
ANGLE FROM SUBSPACECRAFT POINT TO TERMINATOR: 25.8 DEGREES 
ANGLE FROM TERMINATOR TO POLE: 10.97 DEGREES 

NORTH 
POLE ROUGH SKETCH OF EARTH 

AT TIME OF PHOTO 

SUBSPACECRAFT 
'POINT 

SOUTH 
POLE 

Figure 2.57: Representation of Earth in Orbit 27 Photograph 
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CAMERA AXIS POSITIONING 

IN SPACECRAFT IRU COORDINATES (PRIOR TO 
ANY MANEUVERS) 

EARTH CONE ANGLE: 64.11 DEGREES 
EARTH CLOCK ANGLE: 277.01 DEGREES 
MOON CONE ANGLE: 97.16 DEGREES 
MOON CLOCK ANGLE: 275.00 DEGREES 

SUN 

M O O N  

IN THIS FIGURE A N  APPROXIMATE TWO-AXIS 
MANEUVER IS EASILY VISUALIZED: 

@ +ROLL BYzEARTH CLOCK -90.00 DEGREES 

@ +PITCH BY-2Oo+ (90O-EARTH CONE) 

= 187.00 DEGREES 

- 46.00 DEGREES 

HOWEVER, POSITIONING AIM POINT 1 .O! DEGREE 
FROM CENTER OF EARTH, AND COMPUTING 
MANEUVERS IN FAIL GlVES THE FINAL ATTITUDE 
COMMANDS: 

0 H-ROLL: -173.00 DEGREES 

@ PITCH: 45.40 DEGREES 

FIELD OF VIEW: HIGH-RESOLUTION CAMERA 

......................... ......................... ......................... ......................... ......................... ......................... ......................... ......................... ......................... ......................... ......................... ......................... ......................... ......................... ......................... ......................... ......................... ......................... ......................... ......................... ......................... ......................... 

........................ ........................ ........................ ........................ ........................ ........................ ........................ ........................ ........................ ........................ ........................ ........................ ........................ 

+CLOCK ANGLE 

-5.170- 

MOON-S/C- 

' +CONE 
2*oo ANGLE 

FI POINT 

Figure 2.58: Camera Axis Positioning 
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2.6.1.3 EVALUATION OF NASA 
TARGET FILMS 

The special NASA target films, which consisted of the r e  
assembly negative and three following generations of re- 
production, were evaluated. The quality parameters that 
were measured were those of resolution and tone reproduc- 
tion. 

The designation used for the generations of reproduction 
are as follows: 

I N  reassembled negative copy of original GRE film 
2F? transparent positive of IN 
3N. negative copy of 2P 
4P: paper print of 3N 

Resolution readings were taken using the edge data bar 
charts. These bar charts provided resolution values in the 
electrical scan direction (bars perpendicular to electrical 
scan direction), mechanical scan direction (perpendicular 
to mechanical scan direction), and diagonal bars at 45 
degrees to the other two patterns. Resolution readings were 
made on 36 sets of bars for each generation of Tim The 
data from these readings are plotted in Figure 2.59. The 
results are typical of other test data read out through the 
Lunar Orbiter system, with the resolution values for the 
diagonal bars being the highest and those for the mech- 
anical bars being the lowest. The steps in the resolution 
bar patterns are rather coarse. The resolution steps in 
terms of spacecraft film scale are 160, 126, 100, 80, 63, 
50, 40, and 32 lines per millimeter. As the data shows, 
only about a 7% loss in resolution takes place in going 
from IN to the 3Ngeneration. Approximately another 15% 
is lost in resolution when going to the paper prints. This 

\ D I A G O N A L  

N E G  P O S  N E G  PAPER 
1 2 P R I N T  

(1 -NI (249 ( 3 4 )  (4-PI 

SEQUENCE OF REPRODUCTION 

is not considered a problem in line with the original phi- 
losophy of using the paper prints only for gross screen- 
ing and file records and using the transpositives for$ 
detail analysis. 

Figure 2.59 indicates that the resolution loss between the 9 

first-and third-generation negatives is 7%. Table 2.5-3 
indicates that the standard deviation is slightly over nine 
resolution units for IN and 3N. Considering a Ssigma 
value as being typical for engineering accuracies, this 
would compare favorably with the spacing of the resolu- 
tion elements. A Ssigma value of 30 lines/per millimeter 
is typically a reasonable amount for a resolution chart 
interval of 20 lines per millimeter. This means that the 
7% loss of resolution is well within the experimental error 
capability of this experiment. It is reasonable to conclude 
that the loss of resolution is less than the 7%. It is most 
probable that the experiment would give a 12% loss of 
resolution as indicated by the standard deviation. 

The MTF for the film shows a very slight dropoff at 10 
lines per millimeter, which corresponds roughly with 80 
lines per millimeter on the spacecraft frlm. The small 
amount of deviation as shown in the IN and 3N columns 
could quite possibly be due to slight variations in film 
characteristics. This can be concluded because a loss of 
correlation from reading to reading is evidenced by an 
IN reading of 80 and a 3N reading of 100, which is 
theoretically impossible. The conclusion from the test 
should be that the degradation of the 3N negative is neg- 
ligible. Further, if we wish to establish an exact degrada- 
tion number, it would require extensive experimentation 
using resolution charts which are separated by only a few 
lines per millimeter in the region of 100 to 60 lines per 
millimeter. This second action does not seem warranted 
in light of the small loss in resolution. 
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Figure 2 .59  Reduction of Resolving Power Due to 
Multiple Reproduction 

Table 2 . 5 3  Computation of Standard Deviation of 
Resolution Measurements 
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The tone reproduction analysis was made using the nine 
step gray scale in the edge data An Ansco Model 4 scan- 

* ning microdensitometer was used to scan 12 gray scales 
from each iilm generation. A sensitometric strip exposed 
on each generation was scanned to calibrate the micro- 
densitometer readout in units of ASA diffuse density. This 

" data is plotted in Figure 2.5-10. As can be seen from this 
plot, the tone reproduction was maintained with good 
fidelity. Figures 2.511 and 2.512 illustrate thelinear 
density transfer characteristic from IN to 3N to 2P. 
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Figure 2.5 10: Tone Reproduction 
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Figure 2.511: 1-N to 3-N Tone Reproduction 

2.5.2 SPACE FLIGHT OPERATIONS FACILITY 

SPAC and FPAC teams at the SFOF provided the means 
for control of photography during the mission. Changes 
in the planned photographic mission dictated by particular 
circumstances were executed by direction of the mission 
director and the SFOD. 

Throughout the mission, prime photo objectives were of 
first concern to mission control decisions in the SFOF. 
Midcourse correction, injection into the first ellipse, and 
transfer to the second ellipse were each evaluated to ensure 
placing the spacecraft in the proper position for photo- 
graphy. Each of these maneuvers was executed and nom- 
inal conditions defiied for the mission were obtained. Al- 
though the second ellipse was close to nominal, a trans- 
fer to a third ellipse was executedtoprovide a higher V/H 
ratio in an attempt to improve photography by reducing 
the photographic altitude This decision was based partly 
on the precision and reliability that had been demonstrated 
in previous maneuvers and partly on the growing know- 
ledge of the Moon's effects on the spacecraft orbit. 

In addition, evaluation of photo subsystem performance 
indicated the desirebbility of other deviations from mission 
design to optimize spacecraft performance and photo- 
graphy. These deviations are considered in the following 
paragraphs. 
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Figure 2.512: 1-N t02-P Reproduction 
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2.5.2.1 SITE 1-0 

After photography of Site 1-0, priority readout of selected 
photographs indicated that a problem existed with the 
high-resolution camera. The focal-plane shutter appeared 
to be operating at an incorrect time The V/H sensor 
apparently was triggering the shutter prematurely. It was 
later established to be the film-damp and vaccuum-draw 
motor. Refer to Section 2.7. The first high-resolution pic- 
ture is a double exposure, one of which was taken earlier 
than intended. Several tests were proposed in an attempt 
to substantiate the hypotheses proposed to explain the 
difliculties. One test required taking 10 additional pictures 
for the purpose of advancing Frame 26 (the first picture 
of the four-frame sequence of Site 1-0) into position for 
readout to determine if that frame might also be a double 
exposure. No double exposure was found upon readout 
of that frame Additional frames that were taken to pro- 
vide the readout were used for two diagnostic tests. One 
test involved different cycling rates, with and without the 
V/H sensor turned on. A second experiment to determine 
if the V/H sensor was causing the shutter to trip was ac- 
complished, as discussed in Paragraph 2.2.1.3. 

In accordance with plans previously developed, mission 
revision had been expected if the V/H sensor was degrad- 
ing the high-resolution photographs. The revision dictated 
that the spacecraft remain in the initial ellipse and continue 
to take pictures from the higher altitude which would pro- 
duce photographs with approximately the same resolution 
but with greater coverage. Since the image smear would 
be about equal, the same ground resolution could be ob- 
tained from the high altitude without the V/H sensor, and 
a large lunar surface area could be covered. However, it 
was theorized at the time that properV/H and high-resolu- 
tion camera operation might be obtained with the lower 
altitude and a higher V/H ratio in the second ellipse. It 
was believed that the problem would be corrected if the 
V/H ratio were higher than 37 milliradians per second. 
Therefore, it was decided to make the transferto the lower 
altitude for mission photo sites as originally planned 

Prior to transfer, a readout of oneofthe early frames was 
reported by the GRE operator to have evidence of Bimat 
stick. Although the film handling constraint that relates to 
Bimat stick had been exceeded during the mission, there 
was some concern that the constraint possibly was too 
liberal. This constraint, stating that the Bimat must be 

I moved to place fresh Bimat on the processor drum at 
least every 15 hours, was being observed by processing 
at least two frames every fourth orbit This placed com- 
pletely fresh Bimat on the processor drum every 14 hours. 
Because of the report from the GRE operator, the decision 
was made, one orbit before transfer, to use the additional 
eight frames required for processing every other orbit, 
or every 7 hours. The decision to take these additional 
frames came after computations for this time period were 
completed and commands were in the spacecraft. Advance 
ment of the film at this time could not be used for photo- 
graphy of the lunar surface without jeopardizing the r e  
mainder of the program memory. 

Thus, the first two of these additional photographs were 
not exposed. The camera thermal door was not opened 

2.5.2.2 SITES 1-1 AND 1-2 

Priority readout of Site 1-1 frames, after photography of 
Sites 1-1 and 1-2, indicated that the focal-plane shutter 

was stii operating erratically and further diagnosis was 
desired. The Eastman Kodak representative referred this 
problem to Rochester and tests of another photo subsystem 
were made there. These tests indicated that theV/H sensor 
could cause the focal-plane shutter to trip prematurely. 
Eastman Kodpk recommended that the V/H ratio should 
be increased to at least 37.5 milliiadians per second It 
was anticipated that Sites 1-4 and 1-5 would obtain such 
a V/H ratio; however, after having taken Site 1-3, it ap- 
peared that spacecraft altitude was greater than had been 
anticipated. After confirming this from Site 1-4 priority 
readout, a transfer to the third ellipse was planned for 
execution immediately after photography of Site 1-5. The 
third ellipse was planned to obtain-V/H ratios of 37.5 
milliiadians per second or greater. A V/H ratio of 50 
milliradians per second was considered the maximum rate 
permitted. 

e 

2.5.2.3 SITE 1-5 

Priority readout of a Site I-3frameconfirmedthat the V/H 
sensor was still causing the focal-plane shutter to operate 
at incorrect times. Eastman Kodak confirmed that proper 
operation might be obtained with a higher V/H ratio. The 
Site 1-6 altitude was anticipated to be such as to roduce 
an “acceptable” V/H ratio after transfer to $e third 
ellipse. 

2.5.2.4 SITE 1-6 

After photography of Site 1-6, telemetry data indicated 
that the V/H ratio was not as high as had been anticipa- 
ted and the “magic number” of 37.5 milliradians per 
second had not been obtained. On the basis of that tele- 
metry data, photography of Site 1-7 was rescheduled to 
occur one orbit earlier than had been planned for the 
site. Photography on the earlier orbit would be closer to 
perilune, therefore a higher V/H ratio would be anticipa- 
ted If the camera were to operate correctly at all, the 
lower altitude should provide good high-resolution cover- 
age. The original coordinates of Site 1-7 would not, how- 
ever, be covered by the redirected photography. 

2.5.2.5 SITE 1-7 

Prior to redirection, the trajectory computations indicated 
that photography of Site 1-7 would have to occur on Orbit 
49. The mission design planned Site 1-7 photography on 
Orbit 47. Film-set and Bimat dryout constraints required 
using an additional four frames of film on Orbits 47 and 
48 to be assured of having two frames to process each 
orbit, and at least two frames inthecamera storage looper 
at all times so that Bimat cut could be commanded and 
executed if necessary. These additional four frames were 
commanded and the operations executed through the pro- 
grammer. After the decision was made to reschedule the 
photography of Site 1-7 from Orbit 49 to Orbit 48, it was 
not necessary to take two of the four frames. Again b e  
cause the program to take four additional frames was 
already loaded into the spacecraft, it would be dangerous 
to try to change that program. Therefore, it was decided 
to continue with the plan as programmed (i.e., take four 
frames on Orbit 47, process two frames on Orbit 47, and 
photograph Site 1-7 on Orbit 48). 

2.5.2.6 SITES 1-4, 1-6, AND 1-8 

There was an insufficient number of frames available to 
complete the mission as planned because of using extra 
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frames in the first ellipse for photographic diagnostic 
purposes and those required by the operational con- - straints. At the direction of the mission director, photo- 
graphy of Sites 1-4, 1-6, and 1-8 were reduced from 16 to 
8 frames per photo pass. 

* 2.5.2.7 SITE 1-9.2 

After completion of photography, priority readout of the 
center three frames from each of the two photo passes of 
Site 1-9.2 was directed. Surveyor would most likely occur 
in one of those six frames, and priority readout at this 
time permitted the quick evaluation of the frames that 
would most probably include Surveyor. 
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2.5.3 PHO TOGRAPHIC SUBSYSTEM 
OPERATIONAL ANALYSIS 

The photo subsystem operation was analyzed on thebasis 
OE 

1) Evaluation of real-time telemetry during the mis- 
sion: 

2) Analysis of photography after priority and final 
readout. 

A major photo subsystem deviation from specification can- 
not invariably be detected by analysis of mission tele- 
metry. 
Telemetry channels must be limited to a number consistent 
with communications system capabilities and requirements 
for an acceptable data sampling rate. This does not allow 
a comprehensive analysis, by telemetry, of all spacecraft 
operational functions during flight. Lunar Orbiter is not 
unique in this limitation. Because of this factor, perfor- 
mance telemetry did not reveal all operational malfunc- 
tions at the time of occurrence. Analysis of the photo- 
graphs from priority readouts, however, showed certain 
problems; most important was evidence of shutter mal- 
function in the 610-mm camera. The major problems pre- 
sent within the system were: 

There was a malfunction in the 610-mm-camera 
focal-plane shutter. 
Bimat appeared to be sticking to the spacecraft 
film. The amount of sticking increased as the 
Bimat aged. 
The photo subsystem temperatureincreased above 
70°F limit due to the overall spacecraft heating 
problem. (This was determined from telemetry.) 
There are scratches on the spacecraft film attri- 
buted to mechanical handling problems. 
There are uneven processing bands on the film 
attributed to differential roller pressures. 
There is evidence of deterioration of the OMS 
CRT anode during the mission life. 
The V/H sensor appeared to be reading 8% low. 
(This was determined from telemetry.) 

CAMERA SYSTEM OPERATION SUMMARY 

Analysis of the photography frompriority readout showed 
smear in three directions in the 610-mm-camera photo- 
graphy. The 80-mm-camera photographic quality was 
within specification, with the exception of a part of Site 
1-0 where photos were degraded by the focal-plane-shutter 
malfunction and of some instances of overexposure 

Smear in 610-nun Camera 

The three basic modes of smear apparent in the 610-mm 
camera are: 

1) Smear in imagemotion compensation (IMC) di- 
rection; 

2) Smear in film-advance direction; 

3) Smear having components of both IMC and film 
advance 

Since the camera was not recovered, no final diagnosis 
of the failure can be made from equipment examination. 

Extensive study of the problem by both Eastman Kodak 
and Boeing personnel commenced once the photo evidence 
showed smear. Circuit analysis plus special laboratory 
testing showed that the 610-mm-camera shutter control 
circuitry was susceptible to radio frequency interference1 
electromagnetic interference (RFI/ EMI). It was hypo- 
thesized that the electronic control logic interpreted elec- 
tronic transients (attributed to motor starting) as com- 
mand pulses. Thus, the 610-mm-camera focal-planeshutter 
fired at incorrect times within the film handling cycle. The 
following incorrect shutter firing modes were observed 

Shutter Operation During IMC Reset 

This smear occurs parallel to the short dimension of a 
high-resolution frame The platen motion for image- 
motion compensation is cyclic and must be reset after each 
exposure. Normally, the focal-plane shutter is capped 
(closed) during IMC reset; however, considerableevidence 
points to accidental shutter operation during this cycle. 
The fact that the IMC reset cycle contains some non- 
linear motion should be considered while analyzing the 
smear. Typical photographic example of IMC smear 
alone is shown in Figures 2.2-5 and 2.2-6. 

Smear During Film Advance 

This smear occurs parallel to the long dimension of a 
high-resolution frame Film is advanced between expo- 
sure cycles and the focal-plane shutter is normally capped 
during this film handling. The film-advance cyclecontains 
many nonlinear events involving film acceleration and 
deceleration. Any measurement on the imagery obtained 
during film advance should include consideration of this 
fact. 

Combined IMC Cycle and Film Advance Smear 

Certain photo framesfromthe610-mmcamera,show smear 
having both IMC and film-advance components. The 
direction of this smear is the vector sum of the two mo- 
tions. Since nonlinear motions exist in both the IMC and 
film-advance cycles, the direction of smear is not fKed 
and can vary within a single photo frame. This smear 
is attributed to accidental shutter actuation at either: 

1) ' The end of IMC reset cycle and the beginning of 
film advance; 

2) The end of film advance and the beginning of the 
IMC cycle 

This effect is readily seen in Frames 86 and 120. 

No Smear in High-Resolution Frame 

Some high-resolution frames did not contain smear. These 
frames were, in general: 

1) Single constraint frames using no IMC; 

2) The first high-resolution shot taken (Frame 5) ;  

3) The photos of Earth over the lunar horizon. 
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Figure 2.5-13 V/H Ratio Site 1-0 Figure 2.5-14: V/H Ratio Test Site 

In all cases except Frame 5, the absence of IMC cycling 
indicated that the shutter may have actuated at the proper 
time in the IMC cycle or, in absence of IMC, improper 
operation of the shutter would not be detected except dur- 
ing film advance. 

Several unusual diagnostic camera cycles were attempted 
once priority readout photos revealed a malfunction. 
Specifically: b) V/HOn 

1) The first test was a T / H  On” sequence involving c) V/H Off 

3) A more conclusive test was effected in Frame 104. 
This exposure was run to study the electronic inter- 
ference concept as the focal-plane shutter trouble 
source. The test consisted oE 

a )  Camera door open 

IMC functioning 1 four frames (31, 32, 33, and 34) with individual 
programmed camera-on times (i.e., a series of 
single photos with IMC). e) Camera on for one frame 

d) Camera door closed 

Frame Camera-On Times (Seconds) The frame was exposed in the 610-mm camera and blank 
in the 80-mm camera. This indicates that the focal-plane 

31 shutter was fired before the Camera-On command was 
given. The 80-mm camera shutter operated at the specifed 

32 command after the door was closed. The event sequence 
seems to support the EMI/RFI theory since the focal- 

33 plane shutter was fired during a time when RFI/EMI 
could be present in the camera logic circuitry. 

34 

33.9 

118.6 

25.2 

2) The second test was effected without V/H or IMC. 

Frame Camera-On Times (Seconds) 

35 

36 

37 

38 

39 

40 

13.2 

115.7 

13.2 

218.0 

8.4 

The purpose of these tests was to gather photos at different 
cycling rates wiiH and without IMC. It was hoped to 
determine and measure any minimum time between non- 
interference of the IMC and the focal-plane shutter. The 
test was inconclusive; however, photos of the farsideof the 
Moon were a system first. 

2.5.3.2 V/H SENSOR PERFORMANCE 

The V/H sensor telemetry output has been compared to the 
best available predicted values. The discrepancies are 
negligible in the initial orbit but average -8.1% (relative 
to the predicted values) at second-and third-ellipse altitudes. 
Known sources of error are insufficient to account for the 
discrepancies. Therefore, either the V/H sensor was operat- 
ing improperly or the prediction was in error. Because 
the moderate-resolution photographs were not affected by 
this quantity of smear, photographic verification is not 
possible. 

Data 

V/H ratio, as indicated by the PRO1 telemetry channel, 
was plotted for each period of sensor operation (Figures 
2.513 to -24). A faired curve was drawn through all 
data points to allow interpolation to actual photo times. 
In most cases, an extrapolation to the V/H off time (last 
frame) was required. V/H ratio is plotted against GMT, 
corrected to the actual spacecraft times at which the ratio 
was sampled. Correction during the photo mission was 

- 
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Figure 2.5-18 V/H Ratio Site 1-4 
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Figure 2.523: V/H Ratio Site I-9.2a 

-4.4 seconds relative to the GMT tag of the telemetry 
frame, and includes transmission time and the time position 
of PRO1 within the frame. The nominal accuracy of this 
data is 2 to 4% of full scale or 1 to 2 milliradiansher 
second (Photographic Subsystem Reference Handbook-for 
the Lunar r iter astman o - u, 
March 15, l?6bs,. ' ~ E s  fimre Ed:% n:$?25Jm:0r 
accuracy. The observed V/H ratio can beverifiedby com- 
parison with total platen operations over several telemetry 
frames, as discussed below. 

13:21:00 30 :22:00 30 2 3 9 0  30 :24:00 
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Figure 2.524 V/H Ratio Site I-9.2b 

Predicted V/H ratios are also shown in Figures 2.5-13 
to -24 for each photo. These values are taken from post- 
mission EVAL analysis of all photo sites and are part of 
the final description of photo geometry and lighting. The 
maximum expected error in the V/H predictions is 2%, 
due mainly to possible altitude errors. 

Analysis 

In the initial ellipse-Site 1-0, 2 10-km altitude and Day 232 
test site, 239-km altitudethe V/H ratio fell to the 7 to 9 
mr/per sec range. The measured values were amaximum 
of 0.4 mr per sec lower than that predicted (4% of pre  
dicted), but this shift is not significant compared to the 
nominal system errors. 

In the final ellipses, five observations are in order: 

1) Sites 1-1, 1-5, 1-7, 1-9.2a, and I-9.2b. Altitudes: 
46 to 53 km. For these sites, departures from p re  
dicted values ranged between -2.4 and -4.7mr per 
sec, or between -6.6 and -9.1% of the predictions. 
The slopes of both curves were essentially the 
same, and no significant difference in curvature is 
indicated by the data. 

2) Sites 1-2, 1-3, and 1-4. Altitudes: 47 to 54 km. 
Here the measured ratios were between -2.2 and 
-3.8 mr per sec These shifts are equivalent to 
-6.2 and -9.3% ofthe predicted ratios. The 1-2 
and 1-3 curves exhibit marked differences in slope, 
while the 1-4 curves differ in curvature. 

3) Site 1-6. Altitudes: 44 to 51 km. The measured 
ratios were 5.1 to 5.2 mr per sec lower than pre- 
dicted, or 12 to 14% lower: thelargest observed 
deviation. The overall predicted and observed 
slopes are the same, but the observed data shows 
defiite peaking trend near the fourth photograph. 
This site also has the greatest relative altitude 
change. 

4) Site 1-8.1. Altitude: 50 km. This site is exceptional 
for its small deviation fromthepredictedbehavior. 
The measured V/H ratio was a maximum of 1.7 
mr per sec below the prediction (4.4% of the pre  
dicted value). 
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5) General. The average final ellipse V/H deviation 
from prediction is -3.2 mr per sec or 6.4% of 
full scale. The value is equivalent to -8.1% of the 
predicted V/ H ratios. 

The effect of the observed V/H deviation was calculated 
for Sites 1-3 and 1-5. The predicted smear for the 80-mm 
lens would be 5 and 9 microns respectively. Since these 
values are smaller than resolution of the 80-mm camera, 
no observation of smear caused by these deviations can 
be expected. A spot check of Sites 1-3 and 1-5 revealed no 
observable smear. The predicted 4040 70-micron smear 
in the 610-mm camera was not Qbservable due to the 
improper shutter operation. 

Over a period of V/H operation, the PROl (V/H ratio) 
telemetry channel can be verified by comparison with 
platen operations (PB05). Total platen operations, based 
on the observed V/H ratio, were computed by averaging 
PROl over 2- to 3-minute periods. Average V/H was con- 
verted to platen cycle rate by applying the relation: 12.16 
cycles/second= 1 radianlsecond. The resultant rate was 
multiplied by the elapsed time to obtain platen cycles for 
comparison with total platen counts during the same 
period. In 9 out of 10 cases, the two values agreed within 
one count, or about 2% of the observed total count. 
The V/H sensor-on time per use cycle is limited by two 
constraints: 

1) 130°F maximum V/H temperature; 
2) 6.6-minute maximum on time per site (approxi- 

mately). 
The second of these constraints is of thermal origin and is 
the estimated time to heat the V/H sensor from the camera 
system normal temperature (70°F) to the 130°F V/H elec- 
tronics maximum temperature limit. 
This thermal constraint was not violated during the mis- 
sion. The maximum V/H temperature observed during a 
photo pass was 72.3"F. 
The 6.6-minute time maximum was exceeded, with NASA 
cognizance, during Site 1-0 photography. Twenty frames 
of photography were exposed by programming a burst of 
16 fast followed by four fast. The V/H sensor automa- 
tically turned off at the end of the 16-fast burst. The sensor 
was programmed back on after a 57-second pause. 
Table 2.5-4 cites V/H sensor-on time plus accumulated 
time. 
Conclusions 

The 8% V/H anomaly contributed no significant smear 
to the moderate-resolution photographs. Had the high- 
resolution camera operated properly, it would have been 
possible to establish whether the anomaly was prediction 
accuracy or V/H malfunction. Because the average devia- 
tion (3.2 mr/sec.) is larger than the combined telemetry, 
sensor, and prediction tolerances by at least a factor of 
2, the discrepancy must be considered as real. The most 
reasonable remaining explanations for the effect are a 
V/ H telemetry malfunction, a V/H sensor malfunction or 
a large unknown in the prediction. The slope and form 
deviations observed for Sites 1-2, 1-3, 1-4, and 1-6 are 
not necessarily anomalous since they may be due to real 
terrain variations. A detailed analysis of site topography 
would be required to verify this point. 

2.5.3.3 FILM TRANSPORT MECHANISM 

Indexing of film within the photo subsystem is accom- 

SITE 1-0 
16 FAST 
4 FAST 

SPECIAL TEST 
SITE 1-1 
SITE 1-2 
SITE 1-3 
SPECIAL TEST 
SITE 1-4 
SITE 1-5 
SITE 1-6 
SITE 1-7 
SITE 1-8.1 

SITE I-9.2a 
SITE I-9.2b 

AVERAGE ON TIME 
TOTAL USE T IME 

Table 2.5-4 

TIME ON - 
MIN. - 
4 
2 
4 
4 
3 
3 
3 
3 
2 
3 
4 
3 
3 
4 

3 
50 - 

VI  E 

- 
SEC . - 
30 
00 
14 
37 
04 
27 
00 
51 
19 
50 
14 
27 
50 
22 

37 
45 - 

T O T A L  ON TIME 
(ACC UM u LATED 1 - 
MIN. - 
4 
6 
10 
15 
18 
21 
24 
28 
31 
34 
39 
42 
46 
50 

iensor Duty Cycle 

- 
SEC . - 

30 
30 
44 
21 
25 
52 
52 
43 
02 
52 
06 
33 
23 
45 

plished, initially, on the basis of preflight measurements 
and tests. As the mission progresses, reference points be- 
come available and characteristics of the subsystem known. 
This makes indexing of the fim for priority readout more 
certain. Following exposure, forward movement of the film 
is governed by the processing rate. The actual processing 
rate is determined by noting the amount of film processed 
during the processing periods. The position of the fiim in 
the readout gate can then be established. Bookeeping of 
framelet numbers read out, together with processing time, 
looper contents, and takeup reel contents enables indexing 
of film to within one inch. Timing of frame edges, time 
codes, and processor-stop lines by the video engineer dur- 
ing readout enabled accuracy of indexing to be improved 
slightly more during the latter portion of the mission as 
operational history was developed. 
Camera Film Advance 

Film advance was nominal throughout the mission as 
evidenced by the constant 11.7-inch dimension between 
time codes. Some time codes appeared within the high- 
resolution format but that was attributable to the 6 10-mm- 
camera shutter failure. 
Processing Rate 

Processing rate calculated from telemetry was well within 
the 2.4 - 0.1 inches- per-minute spdication. Orbits in 
which 10 or more frames were processed were used for 
analysis to minimize any telemetry error. Range was 2.46 
to 2.37 inches per minute. 

Readout Film Advance Rate 

Readout film advance rates calculated from telemetry were 
within the 0.272 inch-per-minute nominal rate -0.005 
telemetry accuracy. Range was 0.277 to 0.270 inch per 
minute. 
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Vacuum Channels 

On the high-resolution platen, the channels appear to have * 
made a f&t impression onthe spacecraft film.-It is known 
that mechanical flexure of photographic film prior to or 
during exposure can change the film’s light sensitivity. 
Possible bending of the film into the vacuum channels 
may have caused this effect. 

* 

Processor-Dryer Coast 

The processor-dryer coasts after shutoff; however, this 
action could not be observed within the 23 seconds per 
telemetry frame. 

Scratches Parallel to Spacecraft Film Edge 

Such scratches were present on most of the film. The 
scratches are attributable to the film handling system, but 
are not severe enough to detract fromtheinformation con- 
tained on the photo. 

Time Codes 

No time code is issued to the photo subsystem when the 
programmer is in a Compare Time mode, as occurred 
several times during the mission. No system problem was 
created by this effect. 

2.5.3.4 PROCESSOR-DRYER 

Operation of the processor-dryer was within specifica- 
tions. There were, however, some problems associated 
with processing and blemishings described in Paragraph 
2.2.1.1. The primary film processing problems appear to 
be 

1) Some Bimat sticks to the processed film. The 
amount increases with Bimat age, and is attrib- 
uted to Bimat deterioration. 

2) Banding of uneven processing alongthefilm travel 
direction, which is attributed to uneven roller 
pressures or metering-roller pressure. 

3) Bimat stick and dryout zones are present and 
cause some loss of image detail. 

4) Miscellaneous unexplained spots may be positions 
of bad Bimat-film contact. 

The time between processor acutations is of interest be- 
cause of Bimat dryout film-stick constraints. These times 
are tabulated by orbit in Table 2.5-5. The frequency plot 
of Figure 2.5-25 shows that 175 to 200 minutes is the 
most probable “time between processing.” The four times 
shown in excess of 500 minutes occurred during initial 
ellipse while the Bimat dryout constraint was waived. 

2.5.3.5 PHOTO-VIDEO CHAIN 

This section includes a discussion of readout to support 
analysis of mission photography. 

Readout Sequence, Data Collection, and Interpretation 

Priority readout was limited to periods having a dura- 
tion not exceeding 43 minutes (one frame). During final 
readout, the original constraint of 86 minutes (twoframes) 

MINUTES 

Figure 2.5-25: Frequency Plot: Processor-off Duration 

was exceeded purposely. However, violation of thermal 
limits was avoided by careful monitoring telemetry data, 
particularly Readout Thermal Fin Plate Temperature. 
The longer readouts tended to increase the spacecraft 
temperature to a level that required cancelling a readout 
occasionally to permit cooling. 

Processor stop lines and the adjacent 3 or 4 inches of film 
that had dried out or remained incontactwith the film for 
extended periods caused some problems in PVC optimiza- 
tion. It was noticed that the video white level increased in 
the 3 to 4 inches of film just before the stop line. Corra 
spondingly, it decreased in the 3 to 4 inches beyond the 
stop line. PVC optimization performed in this area of the 
spacecraft film was improper for those frames processed 
normally. Optimization in these areas must be avoided. 

Bimat dryout on the edge of the spacecraft film rarely 
reached such proportions as to obscure the edge data. 
To evaluate the effect of overall dryout would require 
more data than available Edge data would have to be 
correlated with the section of Bimat used to process it. 
The edge data around the processor stop lines has the 
same trend exhibited by the video signal. The densities 
before the stop line tend to increase, while those after it 
tend to decrease. 

GRE Film Control 

It was necessary to switch emulsions for the GRE film 
twice during the mission. Limited readout was performed 
using SO-349508-3. Just prior to final readout, a switch 
was made to SO-349-525-4. It was necessary to switch 
again to SO-394-525-36 prior to the end of readout. This 
latter film is the same emulsion (525) as the previous one 
but uses a different coating. 

Upon switching to a new emulsion, the process control 
charts for the GRE film show very large excursions. This 
is due to differences in emulsion sensitivity. No adjustments 
were made in the processor operation. The only required 
change was in the GRE exposure calibrations. These were 
changed to adjust to obtain the 0.50 and 2.00 densities. 
The control chart parameters were shifted to new mean 
values after sufficient data was obtained to establish them. 
The -2 and -3 sigma values were not changed but only 
shifted to follow the new mean values. 



A t  
MIN. 

START 
767 
705 
859 
364 
72 
318 
534 

4 16 
304 
352 
352 
1-1 
355 
135 
155 
20 1 
234 
1 94 
186 
217 
189 
198 
201 
198 
205 
192 
204 
203 
1 79 
225 
141 
262 
204 
199 
202 
203 

PROC . 
START 

-3.00 
16.80 
18.56* 
21.03 
23.04 
25.04 
31.54* 
33.52 

35.58 
37.58 
39.34 
41.38 

43.41 
58.40 
68.41 
70.41 
72.38 
75.40 
80.30 
82.30 
84.33 
86.36 
88.36 
90.36 
92.51 
94.51 
96.51 
98.51 
100.51 
102.37 
104.23 
106.23 
108.23 
110.23 
112.22 
114.23 

INDEX 
STOP 

16.80 
18.80 
21.03 
23.04 
25.04 
31.36 
33.52 
35.58 

37.58 
39.34 
41.38 
43.41 

58.40 
68.41 
70.41 
72.38 
75.40 
80.30 
82.30 
84.33 
86.36 
88.36 
90.36 
92.51 
94.51 
96.51 
90.51 
100.51 
102.37 
104.23 
106.23 
108.23 
110.23 
112.22" 
114.23 
116.21 

ORBIT 

33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
65 

A t  
MIN. 

151 
252 
180 
191 
187 
209 
197 
202 
1 74 
202 
1 94 
197 
218 
133 
256 
226 
186 
1 56 
197 
124 
258 
144 
20 1 
1 76 
190 
1 65 
1 35 
I93 
262 
135 
152 
199 
265 
21 

PROC . 
START 

116.21 
118.19 
120.17 
121.59 
123.55 
125.53 
128.20 
130.18 
132.17 
134.16 
136.23 
138.22 
140.21 
140.20 
143.46 
145.44 
147.43 
154.40 
156.38 
159.35 
161.33 
163.31 
165.28 
171.26 
187.20 
195.26 
197.26 
199.26 
201.26 
203.26 
213.26 
215.26 
217.26 
BIMAT 

INDEX 
STOP 

118.19 
120.17 
121.59 
123.55 
125.53 
128.20 
130.18 
132.17 
134.16 
136.23. 
138.22 
140.21 
142.20 
143.46* 
145.44 
147.43 
154.40 
156.38 
159.35 
161.33 
163.31 
165.28 
171.26 
187.20 
195.26 
197.26 
199.26 
201.26 
203.26 
213.26 
215.26 
217.26 
220.84 
CLEAR 

A t  = TIME SINCE LAST PROCESS 
* = CORRECTION 

Table 2.55: Processing Record 
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Readout Analysis Log 

Refer to Boeing Document D2-100376-1, Volume I, Soace- 
mance Analvs is and Co mmand (SPAC) h e r -  

-r r , a description of the data to be entered on 
m s i s  log. Below, exceptions or conventions . that deviate from the previously documented descriptions 
are listed by item number. 

Either a “4” or a “1” is logged 
from Boeinds convention of num- 

bering the spacecraft built by Boein;. A NASAletter, after 
Mission I had begun, directed that the spacecraft number 
be a ‘‘ 1.” The “4” convention appears on the logs up to 
Sequence 033. Refer to Item 6 for the spacecraft number 
change effect on the recording camera run reference num- 
ber. 

Item 2 Dat The usual convention is GMT day followed M y a s as and the last two digits of the current year. In 
some isolated cases, DSIF local day is reported. 

Item 6 Recording Camera Run Reference Number 

xxx/ 
Sequence 
Number 

1 I 

DSS-12: 03 OR 041 At mission 1001 
beginning: through 
04 other- 141 

bSS41: 05 OR 06 wise 01 
(represent 
the same 
spacecraft) 

XI 
Test 
Number 

4n ‘( 0” 
represents 
S/C read- 
Juts. Other 
than “0” 
represents 
tests b e  
tween S/C 
readouts. 

Item 7: Footage Counter-7a Start: Usually not logged; 
a zero is understood. 

Item 8: GRE Film Roll Number 

Example: 0-34950840 

0 = Specialorder 

349 = Film Type SO-349 

508 = Emulsion batch number 

40 = 40th Coating 

NOTE: This number is different from the GRE roll num- 
ber used for readout identification and appearing on the 
Photo Identification Log and on the reassembled negative 
subframe title block. 

Item 9c: Frame Number-Either the R/O index number 
or the actual f rames read out were reported. The letter 

M” or “H” following the frame number represents either 
a medium-or high-resolution subframe. 

As the time code ap ears at about 0.74 of the frame, a 
readout index numger greater than XX.74 means the 
readout begins in a medium-resolution subframe. Some- 
times the R/O indices at the beginning and at the end of 
readout were logged. 

The following items were not reported for final readouts 
except by DSS-41: lb, l lc ,  l l d ,  13a-h, 14, 15, 16, 17. 

Items l l e  & 15e Fiducial Line Length-DSS41 reported 
h e  length of one cycle. D S S l Z  and-61 reported the length 
of the fine (approximately onehalf the period). 

Items 1% & l 7 c  Direction of Smear-(See also Item 22) 
blight direction smear was described with such terms as: 
flight, toward edge data IMC. Demendicular to edge data. 
Fiim advancement direction smeaiwas described wyth such 
terms as parallel to edge data, film advancement. 

Item 19: ODtimization Stew-The absolute focus or gain 
steD number was reDorted bv DSS-41 and -61. DSS-12 
refiorted the number -of optinhation commands sent just 
prior to the readout. 

Item 20a: T i e  Code Lamps Lit-The template supplied 
to the video engmeers to read out the time code lamps 
reads them out in reversed order. DSS61 video engineer 
corrected this template. The time codelampslit as reported 
by the DSS4l and DSS12 video engineers are usually 
logged in reversed order. The conventions on reporting 
the lamps were taken into consideration in converting the 
binary to decimal spacecraft time. 

When more than one time code hasbeenlogged, the check 
or mark opposite the lamp designation in the first vertical 
column corresponds to the top number or numbers logged 
in item 20b. 

Post-Readout Period 

The spacecraft clock time at the moment of exposure was 
recorded on the spacecraft film with a timing light. The 
twenty lamps formed a binary code with true bits being 
lit. These lamps were recorded on the GRE during read- 
out. The video engineer used a numbered template to 
determine the lamps that were lit. There was confusion 
regarding use of the template, with DSS-61 reporting the 
lamps in proper sequence and DSS-41 and -12 reporting 
them in reverse sequence. Thisinformation was transmitted 
verbally to the Photo Data Analyst (PDA) and the time 
codes were recorded in the logs in both proper and reverse 
sequence. 

The PDA converted the t i i n g  light code to spacecraft 
clock time in seconds by setting up the lights as a binary 
code and using a conversion table. 

A computer program was used to convert spacecraft clock 
time to GMT. The computer converted spacecraft clock 
time from telemetry channel AB01 to GMT. 

The telemetry from nearest the exposure time was used as 
a sample. Truncation errors were determined by observing 
frames on either side of the sample frame. Both the space- 
craft time and the GMT were corrected for this error. 
Equipment and transmission delays were subtracted from 
the GMT, producing a correct GMT corresponding to the 
spacecraft clock time for the sample frame. 
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were continued, and various tests between the sites were 
conducted. DSSl2 experimented with masks on the faceof 
the GRE kinescope tubes and developed a possible work- 
around based on the assumption that secondary emission 
of the phosphor occurred and caused fogging of the edge 
data steps. The edge data densites on the spacecraft film 
are surrounded by a controlled densitythatcorresponds to 
white level. Additional light would be strongest from sec- 
ondary emission during scan of the background density 
and fog the edge data steps. 

Step 9 corresponds to the control density and is most 
affected by this phenomenon as plotted in Figure 2.5-27. 
The plot is from one framelet in each readout. No attempt 
is made to account for different GRE’s, different processing, 
different video-gain settings, Bimat dryout, emulsion differ- 
ences, and other effects. The significant aspect of this plot 
is the drop in density from unmasked kinescopes to masked 
kinescopes at DSS12 and -61. DSS-41 did not mask the 
kinescopes because it was felt that DSS-41 GRE’s were not 

Figure 2.5-26: Simultaneous Recording experiencing this problem. Masking at DSS-61 and -12 
brought the GRE’s relatively close in their reproduction 
of edge data densities. 

BAR 
MAX 
@ 

*i 

During Priority Readout 

The difference between exposure and sampleframe times 
was added to the GMT sample time to give the correct 
exposure time in GMT. This procedure was normally 
used for only one frame of a sequence. All the corrections 
were constant during any one sequence so the time of 
other exposures in a sequence was determined by adding 
the difference between the uncorrected spacecraft clock time 
of the subject frame and the benchmark frame to the 
corrected GMT of the benchmark frame. 

As exposure times were determined following preliminary 
readout, the information was transmitted verbally to the 
video engineer for inclusion in the photo identification form 
shipped with the film to Eastman Kodak. 

Initial times were reconfirmed later when entire sequences 
could be compared. Any corrected times were noted and 
sent directly to Eastman Kodak. 

Readout Problems Associated with Processing of Space 
craft Film 

Throughout Mission I, edge data densities followed a signi- 
ficant pattern of higher than nominal value. Figure 2.5-26 
shows the nominal range of density values and values 
obtained where the same readout was received at more 
than one DSIF. The cause of this higher than nominal 
value initially was attributed to: 

1) Improper Bimat processing; 

2) Improper edge data printing; 

3) Improper GRSsite processor setup; 

4) Improper video gain setting. 

However, after several priority readouts and when data 
was available from all sites, all of these items were d i s  
counted. Subsequently the cause has been attributed to 
excessive glow or halo of the kinescope tube face due to 
higher than normal beam current. The priority readouts 

Two sets of priority readout edge data densities are shown 
in Figure 2.5-28. The video gain in Sequence 027 was 
dropped from Step 10 to Step 8 to verify that a change 
in video gain did not increase the dynamic range of the 
edge data. This change brought the curve down approx- 
imately 0.1 in density in all steps but did not significantly 
alter the shape. 

Two framelets from the same readout, Sequence 110, are 
shown in Figure 2.5-29. There is little difference between 
the curves from Framelet 723 of Sequence 110 and Gain 
Step 14 (from final readout) and Framelet 889 of Sequence 
040 and Gain Step 11. This similarity indicates that the: 

1) Video-gain increase during the mission was re- 
quired to maintain the proper white level; 

2) Reproduction of the edge data at DSS41 through- 
out the mission was consistent. 

The difference in the curve for Framelets 723 and 583 is 
due to Bimat dryout between processing periods. A pro- 
cessor stop line occurred in Framelet 680; Figure 2.5-30 
shows the relationship of the stop line and the framelets. 
Framelet 583 was processed by Bimat that lay in the 
processor diffusion channel for one orbit and experienced 
partial dryout; the dryout shown in Figure 2.5-29 indi- 
cates acceptable degradation. 

Figures 2 .53  1 and -32 show the significant improvement 
of masking the GRE kinescopes at DSSl2 and -61. Se- 
quences 031 and 029 were conducted before masking; Se- 
quences 100 and 109 were conducted after masking. 
Masking occurred at DSS-12 for Sequence 044 and at 
DSS-61 for Sequence 061 for GRE 007. 

Masking the kinescope requires recalibration of the GRE 
because significant changes in density occur. GRE 008 
did not remain masked until Sequence 074 and on. Fig- 
ure 2.5-33 shows the curves for masked and unmasked 
GRE kinescopes for Sequence 062. 
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Figure 2.5-27: Edge-Data Step Nine Density - Mission I 
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Figure 2.5-29: Edge Data Densities - Final Readout 

Figure 2.5-34 is a plot of the nominal edge data densities. 
Comparison of Figure 2.534 with Figures 2.5-28through 
-33 indicates that the masking was not entirely successful 
but did get the GRE's to track together and did signifi- 
cantly improve the edge data reproduction, which indicates 
a definite improvement in GRE reproduction quality of the 
spacecraft film. However, performance during Mission B 
should be improved to bring theedgedata reproduction in 
line with the nominal values. Further experiment with the 
masking technique at all sites is required until a permanent 
solution is obtained. 

Since no film is available for extensive checks of density 
variations, no correlation of densities and thread-up 
lengths are possible as recommended in the reference. How- 

ever, some data is available from the readout analysis 
logs and limited measurements made at the DSS. 

The data from Sequences 93 and 94 (final readout) is 
shown in Figure 2.5-35. The white level drops an average 
of 0.2 to 0.4 volt in the area processed by Bimat left in 
the diffusion channel between the Bimat supply and the 
processor; in Sequence 117, the white level dropped to 
4.0 volts during readout of a similar area. This indicates 
excessive and unanticipated Bimat dryout. The frames 
that were read out in Sequences 93 and 94 were pro- 
cessed per Bimat dryout constraints. Conclusive datacould 
be derived from density measurements on the GRE film. 

The densities received in Sequence 121 are plotted in Fig- 
ure 2.5-36. Both GRE's are masked. 
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2) Active scan time - The timebetween fiducial marks. 

3) Mechanical scan time - The time required by the 
optical-mechanical scanner to scan an A and a B 
framelet. 

4) Sync pulse height - The amplitude of the sync 
pulse of the composite video signal. 

The video engineer was also requested to report received 
signal strength with the video status report. This data 
was used by the communications analyst in SPAC to aid 
analysis of high-gain-antenna pointing. 

BAR - 
2.0 

BIMAT . r SUPPLY 

h r PEELOFF 

PROCESSOR 
STOP-LINE 

PROCESSOR DRUM 

Figure 2.5-30 Position of Processor Lines 

Active Readout Phase 

The active readout phase is started by thesecond readout- 
drive on command. The video waveform is displayed on 
the GRE oscilloscope to indicate what is being scanned by 
the optical-mechanical scanner; the telemetry and film rec- 
ords kept at the S F O F  are handled by the photo data 
analyst. The video engineer detected the edges of frames 
and time codes for coordinating FR-900 video tapechang- 
ing; the photo data analyst used them as a check on the 
film budget. FR-900 tape changing was originally planned 
to take place during the scanning of a medium-resolution 
frame. However, this was changed for final readout to 
occur during a high-resolution frame since those were d e  
graded due to the shutter problem in the high-resolution 
camera. The video engineer periodically made a video 
status check of the waveform and reported these estimates 
to the photo data analyst; the check includedthe following 
parameters: 

1) White level - The average video level while scan- 
ning through the film control density at focus stop. 
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Figure 2.5-31: Edge Data Densities, DSSl2 
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Figure 2.5-33: Edge Data Densities, DSS-61 After Masking 

The whitelevel varied approximately 0.5 volt during read- 
out due to variations in density of the spacecraft film. 
Active scan time, mechanical scan time, and sync pulse 
height remained constant. 

2.0 

1.6 

& 
5 

At the end of readout, video engineers noted any anomalies 

The video engineer reported the GMT's when the readout 

was lost. The video engineer estimated the time required 
to prepare a preliminary analysis of the processed film, 
the time codes read out, and the first and last framelet 
numbers read out. 

in the readout--these were mainly variations in white level. 

electronics were shut off and the video signal on the GRE 
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Twelve channels concerning the readout were plotted on a 
Milgo plotter in real time as shown in Figure 2.5-37 for 
Sequence 121 in Orbit 146. The PEOl reading (10 u.d.c.) 
remained at 9.93 volts until the spacecraft bus voltage 
dropped below 24 v.d.c. after a periodof Sun occultation. Figure 2.5-34 Nominal Edge Data Densities 
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Figure 2.5-35 Effect of Bimat Dryout 
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Figure 2.5-36: Edge Data Densities Readout Sequence 121 

The photomultiplier voltage (PE06) increased slightly 
from -1836 to -1844 volts. PE06 is changed by video- 
gain commands by approximately 20 volts; this represents 
an increase of half a gain step. The high-voltage supply 
increased from 20.25 to 20.43 kvolts, not a significant 
change. The peak video voltage (PE04) has a 1- to 6- 
second time constant and a gain of 0.6 to 0.8. When the 
optical-mechanical scanner was in the focus-stop position 
(readout electronics on) and the first readout-drive on 
command executed, PE04 was 4.020 volts corresponding 
to the 5.0-volt white level as read on the DSS61 oscillo- 
scope. This is at Gain Step 15 and Focus Step 9. The 
beat of the 23-second telemetry sample rate with the 22- 
second framelet scan can be distinguished with the high 
white level of the framelets between frames as marked in 
the real-time plot. The line-scan-tube current (PE03) in- 
creased from 19.32 to 19.79 microamps, not a significant 
increase. The upper shell temperature (PT09) , upper en- 
vironment temperature (PT08), and upper PS humidity 
voltage (PH02) followed their normal pattern. The read- 
out thermal fin plate temperature rosefrom 78.0to 93.5"F 
and dropped after the Sun was occulted; thisis well within 
operational constraints. The readout looper contents began 
rising from 3.07 inches following the second readout drive 
on command, and filled to 30.92 inches2.4Oframes. Two 
communications channels, TWTA temperature (CTO1) 
and TWTA power out (CE02) were also plotted and show 
their normal pattern. 

The spacecraft bus voltage was 27.68 v.d.c. when mech- 
anical scan was initiated and rose above 28.0 v.dc 
shortly thereafter, but no degradation due to low bus 
voltage was experienced. 

Beginning and End of Mission Readout Test 

A readout of the Goldstone test target was performed at 

the beginning and end of Mission I (Readouts 001 and 
141). The purpose was to determinewhat degradation had 
occurred to the photo-video chain during the mission. The 
second readout was normalized to the first to eliminate the 
effects of variations in film processing and GRE exposure 
calibration. 

Resolution values showed that focus did not change during 
the entire mission. Gain settings required to produce 5.0 
volts in the focus-stop position indicate that considerable 
degradation occurred in the PVC. Comparison of readout 
density values from the edge data is obscured due to the 
halo effect of the GRE kinescopetubes noticed during early 
phases of limited readout. 

To determine the exact gain setting during the w ast rea out (141), a series of gain commands were sent 
to the spacecraft. After two commands were executed, the 
readout electronics reset to the first step at a white level 
of 2.5 volts. Thirteen more gain commands were required 
for a white level of 5.0 volts in focus stop as viewed on 
the GRE monitor oscilloscope. 

To eliminate processing variation, the sensitometric pro- 
cessing curves were drawn for each readout (Figures 
2.5-38 and 2.539). The edge data step wedge densities 
for the last readout were located on the curve for that 
process, and their associated log exposure values found. 
The same log exposure values were located onthe sensito- 
metric curve for the first readout process. The densities 
corresponding to these values were read off that curve. 
This set of densities then represents what the edge data 
densities would have looked l i e  had there been no differ- 
ences between the two readouts due to the GRE film pro- 
cessing. 

The other variable to be removed was the variations due 
to the GRE exposure calibrations. This was performed 
using the stairstep function in the test signal signature. 

ocedur 
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Figure 2.538: 
GRE Sensitometric Processing Curve, Emulsion 
SO-349-505-3 
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Figure 2.540 
Sensitometric Curve for Stairstep Function 
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Figure 2.539 
GRE Sensitometric Processing Curve, Emulsion 
SO-349-525-36 

The curves for the two stairstep functions were drawn 
(Figure 2.5-40). The same procedure was used in this step 
as was used to eliminate processing variation. The result- 
ing set of edge data densities shows the variation due to 
degradation of the PVC. The values are shown in Table 
2.56 for each step of the normalization procedure. 

A third variable-commonly called “halo”- was present 
during the first readout but not operating in the last. It is 
characteristic of many kinescope tubes presently used in 
the GRE’s. It could not be removed from the first set of 
edge data densities as no accurate description of the effect 
exists. 

Conclusions 

The “halo” problem affecting the densities from the first 
readout (001) makes valid comparisons between the two 
readouts difficult. Additional unaccountable factors-pri- 
marily in the area of data collection techniqueinfluence 
the data and make absolute comparison difficult. 

No focus adjustments were required for the entire mission. 
Resolution values remained constant. 

There was degradation in the PVC output as can be seen 
by the two different gain settings required to produce 5.0 
volts in the focus-stop position. This degradation could 
be due to aging of the linescan tube anode or to the elec- 
tronics associated with the photo multiplier. 



SEQUENTIAL STEPS IN EDGE DATA DENSITY NORMALIZATION 

I S T  READOUT - 001 
STEP NO. DENSITY 
1 1.06 
2 1.06 
3 
4 1.10 
5 1.18 
6 1.39 
7 1.66 
8 1.95 
9 1.95 

IST  READOUT - 001 

N O  CHANGE 

1 IST  READOUT - 001 

I S T  READOUT - 001 
DENSITY 
1.06 
1.06 

1.10 
1.18 
1.39 
1.66 
1.95 
1.95 

IST  READOUT - 001 

N O  CHANGE 

IST READOUT - 001 

NO CHANGE 

LAST READOUT - 141 
STEP NO. 
I 
2 
3 
4 
5 
6 
7 
8 
9 

DENSITY 
0.57 
0.58 
0.63 
0.75 
1.M 
1.48 
1 .83 
2.06 
2.06 

LAST READOUT - 141. CORRECTED 
FOR FILM PROCESSING VARIATIONS 

1 0.52 
2 0.54 
3 0.59 
4 0.71 
5 0.99 
6 1.32 
7 1.62 
8 1.83 
9 1.83 

LAST READOUT - 141. CORRECTED 
FOR F I k 6 0 C E S S l N G  VARIATIONS 
AND GRE EXPOSURE VARIATIONS 
1 0.73 
2 0.75 
3 0.83 
4 0.97 
5 1.23 
6 1.66 
7 1.98 
8 2.07 
9 2.07 

ANALYSIS DATA READOUTS 001 AND 141 

READOUT 001 - GRE 4 

SENSITOMETRY 
5 3.00 6 2.83 
7 2.49 8 2.02 
9 1.70 I O  1.42 

11 1.19 12 0.96 
13 0.75 14 0.56 
15 0.44 16 0.34 
17 0.30 18 0.28 

ACG = 1.56 
DMIN. = 0.24 

*RESOLUTION - EDGE DATA 
ELECTRICAL 80 L/MM 

MECHANICAL 80 VMM 
ANGULAR 100 VMM 

*RESOLUTION - TRI B A R  TARGET 
ELECTRICAL 85 L/MM 
MECHANICAL 81 L/MM 

FIDUCIAL LINE LENGTH 0.017 INCH 

EDGE DATA GRAY SCALE 
1 1 .w 2 1 .06 
3 1.06 4 1.10 
5 1.18 6 1.39 
7 1.66 8 1.95 
9 1.95 

BAR DENSITIES 
MIN. 0.53 MAX. 2.05 

GAIN STEP 6 
FOCUS STEP 9 

READOUT 141 - GRE 3 

SENSITOMETRY 
5 3+ 6 2.93 
7 2.75 8 2.36 
9 1.92 IO 1.60 

11 1.30 12 1.06 
13 0.81 14 0.60 , 
15 0.46 16 0.35 
17 0.29 18 0.26 

ACG = 1.69 
DMIN. = 0.24 

*RESOLUTION - EDGE DATA 
ELECTRICAL 80 L/MM 
MECHANICAL 80 L/MM 
ANGULAR 100 L/MM 

*RESOLUTION - TRI BAR TARGET 
ELECTRICAL 85 L/MM 
MECHANICAL 81 L/MM 

FIDUCIAL LINE LENGTH 0.0175 INCH 

EDGE DATA GRAY SCALE 
1 0.57 2 0.58 
3 0.63 4 0.75 
5 1.04 6 1.4 
7 1.83 8 2.06 
9 2.06 

BAR DENSITIES 
MIN. 0.44 MAX. 2.08 

GAINSTEP 13 
WCUS STEP 9 

*RESOLUTION TARGET CONTRAST IS 3:l 

Table 2.5-6 Normalization Procedures 

Small specks noted in both readouts, apparently on the 
spacecraft film,are believed to be particles pulled from the 
Bimat or abraded for the SO-243. This may have contri- 
buted to the scratching of the SO-243 flight film noticed 
throughout the mission. Some scratches ran the entire 
length of the flight fiim and wereprobably due to particles 
caught in the readout gate or some other part of the film 
handling mechanism. 

2.5.3.6 ENVIRONMENTAL CONTROL 

The photo subsystem environmental control was nominal 

for the mission. 

The gradual spacecraft heating trend resulted in several 
orbits where the photo system interior approached 75°F 
for longer periods of time. The original goal was to keep 
the photo system temperature below 70°F due to Bimat 
lifetime and storage constraints. This temperature was 
clearly exceeded during the active Bimat lifetime. There 
is a possibility that Bimat processing effectiveness after 
Site 1-7 photography k a y  have been slightly affected by 
this temperature. Long-term thermal trends are shown in 
the section on mission thermal history. 
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The photo system pressure during the mission was: 

‘ Start of mission 1.7 psia 

End of readout 1.62 psia 

‘No use of storage N2 was observed. 

The photo system humidities varied between 20 to 25°F 
above the dew point for the entire mission. 

2.5.3.7 CAMERA SHUTTER CONTROL 

Shutter Speed Selection 

A Dhoto aualitv Drediction computer program (Boeing 
Document D2-1b0663-1, Request for Pr6grGrnrnink Phot; 
Quality Prediction) (QUAL) was developed to assist in 
determining the desired shutter speed for given sites and 
conditions.-To obtain a ground-iesolutionprediction, the 
program measures the signal-to-noise ratio (S/N) for each 
case by scanning a mathematical model of a densitometer 
across the cone and slope models reproduced at the GRE 
using the characteristics of the camera system, spacecraft 
film, photo-video chain, etc., along with the mission- 
dependent parameters. One or more iterations are required 
to obtain a specific S/N, but in practice no more than 
three are generally required. 

The predicted ground resolution is obtained for the 
following criteria: 

The diameter of a cone with a 4 to 1 basc-to- 
height ratio obtained at a S/N of 3: 1; 

The slope angle of a 7- by 7-meter plane surface 
obtained at a S/N of 1:l; 

The 3: 1 contrast tri-bar resolution obtained at a 
SIN of 1:l. In addition, the output shows the 
expected film densities for both lenses at the three 
shutter speeds. 

The mission-dependent parameters required to be inputed 
for each run include: albedo,.phase angle, altitude, smear 
rate, smear angle, and radiation dose. 

Option switches are used to select the desired output from: 

1) Type target (cone, slope, or tri-bar); 

2) Lens (80 mm or 610 mm); 

3) Output point (Spacecraft film, GRE, or magnetic 

4) Shutter speed (1125, 1/50, or 1/100 sec); 

tape); 

5) Type of display. 

For Lunar Orbiter Mission I, a setofvalues based on the 
nominal mission plan were determined for the phase angle 
at each site. Expected albedos were also specified. These 
predictions, a 46-km altitude, and nominal smear, were 
used for a series of QUAL runs prior to the mission; the 
output was used as a guide. During the mission, QUAL 
was run using updated parameters as obtained from FPAC 
along with observed radiation doses. 

Since the final orbit was very close to nominal, the early 
QUAL runs verified the predicted shutter speeds. Analysis 
of early priority readouts indicated that the film densities 
were generally high. This overexposurecould be accounted 
for by: ( 1 ) actual albedos being slightly higher than those 
predicted or (2) the spacecraft film H & D curve differing 
slightly from the curve used in the QUAL program. This 
difference was established from priority readout before 
Site 1-5 photography. Subsequent shutter-speed determina- 
tions were made by assuming film densities 0.10 to 0.15 
higher than those indicated in QUAL. At about this same 
time, it was established that the anomaly in the 610-mm 
system could not be corrected, so the selection of shutter 
speed for later sites was based primarily on the outputs 
for the 80-mm lens. 

A summary of site parameters is shown in Table 2.5-6. 

QUAL Runs for Exposure Control 

Table 2.57 summarizes pertinent QUAL initial conditions. 

During the mission, the exposure procedure was to pick a 
shutter time giving spacecraft film densities as close to 0.8 
as possible. A typical choice is illustrated for Site 1-2, 
QUAL run. 

DENSITIES 

Fast Slow Medium 
shutter ‘peed (1/25 sec) (1/50 sec) (1/100 sec) 

610-mm Camera 1.13 0.67 0.36 

80-mm Camera 1.34 0.88 0.48 

Clearly, the 1/50 sec (medium) shutter speed bestachieves 
the 0.8 density goal. 

Priority readout showed that the 0.8 density criterion r e  
sulted in some over-exposure. Based on this finding, the 
exposures were biased to the lower densities whenever 
possible. 

Additionally, once malfunction of the 610-mm-camera 
shutter was confirmed, densities for the 80-mm focal-length 
camera were those examined for exposure control. 

Site 1-5 gave the following choice for the 80-mm camera: 

Second Density 

1/25 0.99 

1/50 0.56 Exposure Used 

1/100 0.30 

Subsequent readout showed excellent photo quality was 
obtained using 1/50 second. Based on this priority read- 
out, “calibration for QUAL,” subsequent exposures favor- 
ed a lower density when possible. 
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MICRONS PER SECOND 
** THIS ANGLE IS QUAL INPUT ANGLE AND REPRESENTS SMEAR 30' OFF FLIGHT DIRECTION 

-L 

It was determined after the mission that obsolete H and D 
(film density versus log exposure) curve data had been 
programmed into the QUAL common environment. The 
data resulted in density calculation being as much as 0.17 
low. 

The series of postmission QUAL runs that were made in 
Seattle is enclosed (Table 2.5-8) toillustratethecited effect 

2.5.4 SPACECRAFT SUPPORTING FUNCTIONS 

The primary-site photos required threeaxis maneuvering 
from the normal Canopus-Sun reference to a referencethat 
aligned the camera axis to a predetermined position com- 
puted by the photo subsystem group and FPAC. A roll, 
yaw, pitch rotation sequence was followed for primary-site 
photos ("I" series). Several possible sources of attitude 
error that could have affected successful photography 
were attitude maneuver angle error, holding error, and 
high attitude rates. 

The attitude maneuver-angle error consisted primarily of 
the roll-angle deviation from Canopus prior to starting 
the maneuver sequence. This error would not normally 
have existed if proper operation had been possible with 

the Canopus tracker. Tracker operation was hampered by 
a high glint problem due to Sunlight reflection off the 
spacecraft. The roll axis was, therefore, placed in an 
inertial hold mode that had an inherent drift rate of 
approximately +0.51 degree per hour. The attitude con- 
trol analyst recommended a roll axis update during the 
Sunset period prior to each photographic site to provide 
accurate roll updates. Table 2.5-9 contains alist of attitude 
maneuver errors for each photo site. An accuracy toler- 
ance of * 0.2 degree was satisfied in all cases except 
for Site 1-7, which had an errorof-1.75 degrees. Canopus 
reference had been lost during the previous orbit. However, 
a roll update maneuver was recommended after Canopus 
had been reacquired using the high-gain signal-strength 
map technique. A decision was made by the space flight 
operations director (SFOD) not to perform the update due 
to the close proximity of the photographic site maneuver. 
The roll error was within an acceptable tolerance for a 
successful photograph. 

Attitude holding accuracy and attitude rates during the 
interval between shutter operations are listed in Table 
2.5-8. Attitude positions and attitude rates were well with- 
in design tolerances of *0.2 degree and e O . 0 1  degree per 
second respectively. 
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II 

I 

IT1 
-0 

ITt 
-1 

ITE 
-2 

ITE 
-3 

ITE 
-4 

ITE 
-5 - 

QUAL. RUN 
(PAS AD E NA) 

1/25 1/50 1/10 

1.00 0.56 0.31 
1.22 0.76 0.4C 

1.13 0.67 0.36 
1.34 0.88 0.48 

0.72 0.38 0.24 
0.93 0.52 0.29 

1.14 0.68 0.36 
1.36 0.90 0.49 

0.77 0.41 0.25 
0.99 0.56 0.3C 

PHOTO 
SITE 6 
FRAME - 

1-0 
(5 - 24) 
I” 
(52 - 67) 
1-2 
(68 -83) 
1-3 
(85 - 100) 
1-4 
(105 - 112 
1-5 
(I18 - 133 
Id 
(141 - 148 
1-7 
(157 - 171 
1-8.1 

(176 - 182 
I-9.2a 

(184 - 199 
I+.% 
[200 - 215 - 

rL. RUN 
AD E NA) 

1.00 0.57 

1.22 0.76 

0.63 0.34 
0.84 0.45 

0.54 0.29 
0.72 0.38 

0.46 0.27 
0.63 0.34 

0.43 0.26 
0.59 0.31 

QUAL. DIFFERENCE 
(SEATTLE) 

Table 2.5-8: Postmission QUAL Computations of Image Densities 

TlME 
DAY - HR -MIN.)  

230 - 14 - 43 

234 - 15 - 23 

234 - 18 - 51 

235-06-46 

236 -09 - 10 
237 - 13 - 02 

238 - 23 - 33 

240 -06 - 28 

241 - 06- 32 

241- 09- 57 

241 - 13 - 24 

ATTITUDE MANEUVER @EG) - 
ROLL 

t3.6 

6.36 

6 . 4 3  

6 . 7 0  

6.90 

- 

e.50  

6 . 9 0  

+7.60 

e.04 

e.11 

e . 2 0  

- 
Table 

- 
YAW 

112.45 

- 
r12.46 

u2.48 

b12.60 

k12.50 

k12.60 

k12.90 

k12.80 

+12.81 

k12.81 

C12.80 

- 

- 
PITCH 

-6.10 

-9.60 

-4.98 

- 

-1.60 

-2.40 

-2.30 

,16.70 

,12.90 

-11.33 

-6.86 

-8.30 

- 

- 
ERROR 

(0.25 

- 
(0.07 

0 

a .25  

(0.04 

0 

a . 2 8  

-1.75 

4.0.45 

a.02 

-0.05 

- 

ATTITUDE ACCURACY DURING 
PHOTO TIME (DEG) 

CRAB 
ANGLE ROLL YAW PITCH 

0.04to 0.131 0 to0.13 

-0.10 to -0. 15 

-0.06 to -0.12 

4 .07 to 4.11 

4.06 to -0.10 

0.12 to 0.14 

0 to=o.M 

0.02 to 0.15 

0.10 to 0.14 

0.05 to 0.10 

0.05 to 0.14 

0.16to0.11 

-0.03 to 0.07 

0.01 to -O.a 

a.03 to -0. I f  

4 . 1 3  to 0.14 0 to 0.9 

-0.06 to -0.12 0.2 to 0.5 

-0.02to 0.04 0.15toO.l 

-0.09 to 0.03 0.10 to 0.3 

-0.05 to -0.09 0.10 to 0. I! 

0.06 to 0.12 0.10 to 0.21 

0 to 0.09 1.00 

-0.06 to -0.15 0 to 0.1: 

0.12to 0.14 0.05to 0.06 -0.03to 0.05 0.15 

0.05 to 0.15 0.15 to 0.51 0.0710 0.13 0.16 

2 .59  Spacecraft Attitude During Primary Site Photographs 
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ATTITUDE RATE DURING 
PHOTO TIME (DEG/SECI - 
ROLL - 

+O .003 

+O.0083 

to.0015 

(0.0010 

+O.0011 

-0.0020 

(0.0013 

(0.0021 

0 

(0.0017 

- 

. .  

YAW . PITCH 

-0.0018 M.0015 

-0.0035 fl.0015 

-0.0025 W.0015 

-0.0024 +0.0019 

-0.0033 +0.0012 

-0.0017 +0.0020 

-0.0018 W.0020 

a.0024 +0.0008 

-0.0010 a.0012 

0 a.0022 



FRAME 

25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
84 

101 

ATTITUDE ANGLE (DEG) 

ROLL 

-2.87 
w.31 
+O. 38 

-179.65 
w.8 

-179.65 
+0.5 
+0.5 
+o-5 
w.5 

-180.0 
-180.0 
-180.9 
-180.0 
-180.0 
-180.0 

-0.8 
+2.4 

+1.3 

-2.6 
-2.6 
-0.9 
-0.9 

-195.0 
-195.0 

-- 
-- 

-2.95 -- 

PITCH 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 - 
0 -- 
0 
0 
0 
0 
0 
0 
0 
I 

YAW 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 -- 
0 
D 

0 
0 
0 
0 
0 
0 
0 -- 

FRAME 

1 02 
103 
104 
113 
114 
115 
116 
117 
134 
135 
136 
1 37 
138 
1 39 
140 
149 
150 
151 
152 
153 
154 
155 
156 
1 73 
1 74 
1 75 

ATTITUDE ANGLE PEG) 

ROLL 

+188.8 
-1.5 

-0.1 
- 0.1 

+180.0 
+127.2 

+1.95 
-2.1 

+181.9 
+0.4 
-0.9 
-1.6 
-1.5 
+1.9 
+1.3 

+29.0 

-- 

-- 

-- 
+14.0 
+14.0 
+14.0 
+14.0 
-3.2 
-1.8 
-2.5 

Figures 2.5-4 1 through 2.5-5 1 contain gyro position, crab 
angle, and maneuver magnitude as a function of time for 
the primary-site photos. The attitude control system op 
tional feature of crab angle control by V/H sensor 
measurement was not used on this mission. It should be 
noted that the crab angle was greater than t0.2 degree 
for the majority of the photographic sites. No correlation 
could be made between yaw angle and crab angle in terms 
of magnitude or sign. The discontinuities on gyroposition 
in Figures 2.5-43 through 2,551 occur when the gyro 
switches from a rate mode to an inertial hold mode in the 
presence of an overshoot from the attitude maneuver. A 
certain amount of cross-coupling can also be noted in the 
roll axis whenever a pitch or yaw maneuver is performed. 

PITCH 

+25.6 
0 -- 
0 
0 -- 
0 

+45 * 4 
0 
0 
0 

-35.7 
0 
0 
0 
0 
0 
0 
I 

0 
0 
0 
0 
0 
0 
0 

YAW 

0 
0 -- 
0 
0 -- 
0 
0 
0 
0 
0 

+1.5 
0 
0 
0 
0 
0 
0 

Y 

0 
0 
0 
0 
0 
0 
0 

NOTE: A TOLERANCE OF*0.2 MUST BE ASSUMED 
ABOUT ALL AXES 

Table 2.5-10 Spacecraft Attitude During Film Set 

An analysis of disturbance torques, including thermal door 
opening and closing, can be found in the attitude disturb- 
ance torque section, Paragraph 3.1.4. 
Film-set photos generally did not require maneuvers and 
were taken merely by openingthecameradoor and shutter. 
Farside photographs were made by rotatingthespacecraft 
about the roll axis. Only the two Earth photographs re- 
quired two axis maneuvers. 

Table 2.510 contains attitude angles at the time the 
shutter was open. Attitude accuracy and rates were with- 
in the tolerance of -0.2 degree and eO.01 degree per 
second, respectively. 
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Figure 2.541: Gyro Position, Crab Angle, and Maneuver During 
Photography Site 1-0 
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Figure 2.5-42 Gyro Position, Crab Angle, and Maneuver During 
Photography Site 1-1 



. 
1.18 

0.2 

ROLL ERROR (degrees) 0 

-0.2 
-0.90 

0.2 

PITCH ERROR (degrees) 0 

-0.2 

0.2 

YAW ERROR (degrees) 0 

-0.2 

ATTITUDE (degrees) 
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Figure 2.5-43 Gyro Position, Crab Angle, and Maneuver During 
Photography Site 1-2 
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ROLL ERROR (degrees) 0 

- 0.2 

0.2 
0.767 

PITCH ERROR (degrws) 

-0.2 

0.2 
0.284 

YAW ERROR (degrees) 0 
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Figure 2.5-44: Gyro Position, Crab Angle, and Maneuver During 
Photography Site 1-3 
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CRAB ANGLE 
(DEGREES) 

ROLL ERROR 
(DEGREES) 

4.2 
-1.17 

0.2 

PITCH ERROR 
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-0.2 
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-0.2 - 'P 
+ -0.417 

16 

12 

8 

4 

ATTITUDE 
Q- (DEGREES) 

-4 I SHUTTER OPEN 
-1 - 

Figure 2.5-45: Gyro Position, Crab Angle, and Maneuver During 
Photography Site 1-4 



CRAB 

0.2 

ROLL ERROR (DEGREES) 0 

-0.2 

.816 0.2 

PITCH ERROR (DEGREES) 0 

-0.2 

YAW ERROR (DEGREES) 

ATTITUDE.(DEGREES) 

+ 
16 

12 

8 

4 

0 

Figure 2.5-46 Gyro Position, Crab Angle, and Maneuver During 
Photography Site 1-5 

102 



ROLL ERROR 

PITCH ERROR 

1.13 
0.2 

YAW ERROR (degrees) 0 

- 0.2 

16 

ATTITUDE (degrees) 15 

1 ’: 
CRAB ANGLE (degrees) 0 0 

1 -1 

OPEN 

Figure 2.547: Gyro Position, Crab Angle, and Maneuver During 
Photography Site 1-6 



0.2 1 

ROLL ERROR (DEGREES) 0 

-0.2 

0.31 0.2 

PITCH ERROR (DEGREES) 0 

-0.2 

0.2 

YAW ERROR (DEGREES) 0 

-0.2 

16 

ATTITUDE (DEGREES) 12 

8 

4 

CRAB ANGLE (DEGREES) 0 0 

- 1 1 
Figure 2.548: Gyro Position, Crab Angle, and Maneuver During 

Photography Site 1-7 

104 



0.2 
0.1 

ROLL ERROR (degrees) 0 
AGO1 - 0 . 1  

- 0.2 
-1.34 

AGO9 

0.2 
0.1 

PITCH ERROR (degrees) 0 
AGO2 -0 .1  - 0.2 

1 
AGO7 0- 

-2- 
-1 - 1 / 

0.2 
0.1 

YAW ERROR (degrees) 0 
AGO3 -0.1 - 0.2 

1 
AGO8 0 

-1 
- 2  

m + I  

ATTITUDE (degrees) 2o 

i lo 
CRAB (degrees) 0 0 

TIME (min.) 1 ANGLE 

-1 

SHUTTER- 
OPEN 

Figure 2.5-49 Gyro Position, Crab Angle, and Maneuver During 
Photography Site 1-8.1 



0.2 
0.1 

ROLL ERROR (degrees) 0 
- 0.1 - 0.2 

AGO1 

-0.1- 
0 -  

-0.1- 

0.767 

1 c 

c " ? $  

0.2 

PITCH ERROR (degrees) 0 

- 0.2 
AGO2 

- 0 . 1 1  

0.2 

YAW ERROR (degrees) 0 

- 0.2 
AGO3 

20 ATTITUDE (degrees) 

CRAB i lo 
ANGLE ( d e w 4  0 0 

J 
-1 

Figure 2.5-50: Gyro Position, Crab Anglcand Maneuver During 
Photography Site I-9.2a 

106 



0.2 

ROLL ERROR (degrees) 0 

- 0.2 

0.2 

PITCH ERROR (degrees) 0 

- 0.2 

0.2 

YAW ERROR (degrees) 0 

- 0.2 

16 

ATTITUDE (degrees) 12 

1 '  
CRAB ANGLE (degrees) 0 0 

-1 1 
OPEN 

Figure 2.551: Gyro Position, Crab Angle, and Maneuver During 
Photography Site I-9.2b 

107 



LENS TYPE GOERTZ ARTAR \ F/ll, 11-INCH FOCAL LENGTH 
N AXIS TRANSMISSION = 0.75 

FFECTIVE F/NO. = 22 
= 2.0% 

ELATIVE ILLUMINATION = 
TO 1000 FOOTLAMBERTS 

FACTOR (SLOPE) = 1 . 1  

Z Y  
- &  0.6 
$0 
2 0.4 

0.2 B 
3 

0 
Y 

0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 
RECONSTRUCTED RECORD DENSITY 

Figure 2.5-52: Reassembly Printer Transfer Characteristic 

2.5.5 GROUND RECONSTRUCTION AND 
ON 

2.5.5.1 GROUND RECONSTRUCTION 
ELECTRONICS 

Relative position of image points within the framelet is 
controlled by electrical scan linearity of the spacecraft 
scanner and GRE kine sweep circuits. Sweep should be 
linear within 4% in ground equipment. In practice, GRE 
linearity is checked by measuring the distance traveled 
by successive 50-Hz increments of a 400-kHz test signal 
across the image. 

In the mechanical scan direction, the GRE camera drive 
moves the film 2.07 cm per second The source frequency 
is 60 * 0.0006 Hz, which drives a synchronous motor. 
A time track is written on the GRE film edge by a square 
wave derived from the 60-Hz drive; 120 cycles of this 
image are held to a dimension of 4.15 0.00916 cm. In 
addition, scan nonlinearities in the mechanical scan drive 
of the optical-mechanical scanner will cause some error. 

Reassemble Printing Characteristics 
The transfer of reconstructed record density to reassembled 
record density is quite linear, as shown by the lens and 
film curves of Figures 2.5-52 and 2.5-53. Density points 
from these graphs are tabulated below. 
Reconstructed Record Reassembled Record 

(Positive) (Negative) 
0.5 1.90 
1.0 1.38 
1.5 0.87 
2.0 0.39 

Signal Selector 

In the GRE signal selector, the video signal is taken 
through the selector to one of two sync generators in the 
signal processing unit. (The selector also enables appli- 
cation of internally generated test signals to the GRE or 

2.0 

1.8 

1.6 

5 1.4 
n 
B 1.2 
0 

t? 0.8 d 5 0.6 

$ 0.4 

0.2 

0 

v) 

5 1.0 

v) 

KODAK AEROGRAPHIC 
TYPE 5427 
PROCESS: 0-76, 6 - 8 INCH 
FOR 5 MINUTES 

I I I 1 1 1 1 1 1 1  

0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 
I 

LOG EXPOSURE (METER CANDLE SECONDS) 

Figure 2.5-53: H & D Curve for Kodak Aerographic 
Duplicating Film, Type 5427 

other communications equipment. ) Some of the significant 
processing details include: 

1) The sync pulse from the video signal, used to 
phase-lock on an internal oscillator, generates the 
master system timing pulse-appropriate blanking 
prevents locking to spurious signals. Noise spikes, 
etc., outside the desired video voltage range are 
suppressed by clamping the “back porch” of the 
sync and timing pulse waveform to the ground 
return and adding clipping circuits that compress 
(5: 1) any video outside these levels. At a zero- 
signal (black reference) level, the kinetube spot 
intensity is maintained at a level that produces a 
0.5 density on the recording camera film The gain 
is adjusted so that a 5-volt (white reference) signal 
level gives a kinetube spot intensity that produces 
2.0 film density. A typical waveform is shown in 
Figure 2.5-54. 

2) Horizontal aperture equalization( HAE) provides 
up to 3: 1 gain increase at 230 kHz (100 lines per 
millimeter). An amplitude-versus-frequency cosine 
function with linear phase characteristics (Figure 
2.5-55) is obtained by comparing input and out- 
put gain characteristics of an unterminated half- 
wave delay line. The increased gain directly varies 
the contrast of high-frequency detail and substan- 
tially improves resolution (on the GRE film) in 
the direction of electrical scan. (There is little de- 
gradation of resolution in the mechanical scan 
direction.) Normal operation is with HAE set at 
3:l peaking. 

3) A 2-MHz vertical spot wobble is introduced to 
compensate for the difference in thickness of the 
scan line in the spacecraft LST and the corre- 
sponding line on the GRE kinetube. Spot wobble 
increases the thickness of the kinetube scan line to 
expose more fully the area between successive 
traces and thereby decreases scan line modulation. 
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Figure 2.5-56 shows microdensitometer scans with 
and without spot wobble; mechanical scan resolu- 
tion is not significantly degraded with this amount 
of wobble. 

Recording Camera 

The recording camera records the horizontal line image, 
appearing on the kinetube face on Type SO-349 television 
recording film. The geometry of the kinetubeline image 
production is shown in Figure 2.557. The camera has a 
slowspeed drive of 2.07 cm per second. The drive sprocket 
and mechanical filtering rollers are shown in Figure 2.5-58. 
A roller on the front film edge (not shown) forces the film 
against the inside filtering roller flanges; thus, the film 
guides on one edge, forming an imagepositioning reference 
for photo reassembly. Possibility of error due to varying 
film widths is also decreased. In addition to the main 
image lens, there are two other sets of optics, one to record 
timing marks and one to record film identification numbers. 

Timing and Identification 

A squarewave output from a glow modulator tube is 
imaged through timing-channel optics onto the near edge 
of the film outside the sprocket holes to produce the 60-Hz 
time track indicated in Figure 2.5-57. The voltage source 
is the same precise 60-Hz source used for the camera 
motor; thus, variations in film speed can be measured. 

An eight-digit code number is imaged through number- 
channel optics onto the far edge of the film outside the 
sprocket holes. Prior to recording, each readout sequence 
from the spacecraft is assigned a number that is manually 
set on a register in the camera basewhen the film is load- 
ed. During operation, a flash-tube illuminates the register 
exposing the Tim at about 6-inch intervals for positive 
identification on all 35-mm GRE films. 

L 

55 p s  

I 
Video Output Waveform 

2.5.5.4 FILM PROCESSING 

The exposed GRE film is processed at the DSS, using a 
35-mm batch processor capable of hot-processing 1000- 
foot rolls of film at 7 to 8 feet per minute. Developer and 
furer temperature for the Lunar Orbiter processing is 
typically 98 to 100°F. The developer and fixer are con- 
tinually agitated and percolated through filters and r e  
plenished from wall-mounted tanks as needed during 
processing. All processor chemicals are drained and r c  
placed each week. 
Sensitometer 
The sensitometer provides standardized exposures on test 
film from which the correct temperature, speed, and r e  
plenishment rate necessary to obtain the proper H & D 
curve are established. The sensitometer electronics fire a 
small flash tube that passes a known amount of light 
through a calibrated Kodak Number 2 grey scale onto 
the unexposed film. Processing this known grey scale ex- 
posure and plotting the resulting densities provides the 
desired process-control information. 
35-rn Quality Evaluation Viewer 
This optical instrument is used for precision dimensional 
and density measurements on 35-mm fim. It consists of 
a film-transport system, binocular microscope, densito- 
meter, and a precision two-dimension measuring system. 
The base contains a fluorescent tube for examination by 
transmitted light. An additional spotlight provides top 
lighting for examination of the film surface. Longitudinal 
measurements to -c 0.0005 inch and lateral measurements 
to =e 0.001 inch may be made on this instrument. Magni- 
fications of 10, 20, 30, and 40 diameters are available 
with the microscope. A Kodak Model 1 visual comparison 
densitometer is mounted on the instrument for convenient 
measurement of film densities. This densitometer is sup- 
plemented by a MacBeth TDlOO electronic densitometer 
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Figure 2.557: Geometry of Kinetubeline Image 
Production 
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Figure 2.559 H & D Curve for 35-mm Processor 
Control SO-349 
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Figure 2.5-58 GRE Camera and Magazine 
Film-Threading Diagram 

at each site, which affords more rapid, accurate reading 
of density step-wedges. 

H&D Curve for 35-mm Processor Control 

Adjustment of ground equipment for proper tone reproduc- 
tion is keyed to the EG & G sensitometer at each location 
Calibrated step-wedge exposures are put on the SO-349 
film by means of the sensitometers, and 35-mm fim pro- 
cessing is controlled to maintain the desired characteristics 
of the H&D curve shown in Figure 2.559. Primary 
control measurements are: (1) average contrast gradient 
(defined as the slope of the line between the 0.5 and 2.0 
density intersections), (2) minimum density, and (3) speed 
(where speed is defined as the log-exposure value at 0.5 
density). Having confirmed the H&D curve, the log E 
scale shows that a log exposure of 2.59 on SO-349 emul- 
sion from the kinetube trace will produce the correct den- 
sity on GRE film for black level (0.5 density). As shown 
for this control emulsion, 1.54 will produce the correct 
density on GRE film for white level (2.0 density). 
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2.5.5.5 RECONSTRUCTION CONDITIONING-GRS 

GRE Test Signal Waveforms 

0 200 400 600 800 lo00 1200 1400 
5 Vr------------- ----------- 

1 I 1 []SYNC .* 
I I EXTVIDEO I 

With the processing curve determined, a series of density 
measurement tests identifies the correct combination of 
kinetube bias and gain required to produce proper den- 
sities for specified GRE input voltages, When correctly 
adjusted, stairstep and bar test signals-diagrammed in 
Figure 2.5-60-will produce film densities of 0.5 j= 0.05 
and 2.0 * 0.1. To adjust the gain in repeatable fashion, 
an electroluminescent panel is used to calibrate the photo- 
multiplier that monitors the kinetube The photomultiplier 
output for a known light input is thusestablished, and the 
photomultiplier output relative to this value is used to set 
kinetube bias and gain repeatably for correct black-and 
whitelevel exposures. 

By exposing processing-wedges from the sensitometer and 
test signals from the GRE on the ends of the GRE opera- 
tional film, it is possible to determine-in conjunction with 
the pre-exposed edge data on theflightfilm-whether a tone 
reproduction discrepancy is in the ground reconstruction 
electronics, ground processing, or in the spacecraft system. 

PreExposed Edge Data 

The edge data grey scale densities as they appear on pro- 
cessed 70-mm film are shown in Figure 2.5-61. Step 2 
of the grey scale is the same density as the background, 
in the area of the focus line. This background density 
(0.3 = 0.05 readout density on the spacecraft film) corre 
sponds to white level. The density range of this gray 
scale on spacecraft film is greater than the density range 
that can be transmitted through the overall system, thus 
the first and last steps normally are clipped by the GRE. 
With optimum density control, however, Step 1 will still 
look a little darker than Step 2. Density transfer from 
spacecraft fdm to GRE film is shown in Figure 2.5-61 as 
follows: 

SO-243 R/O Reconstructed 
Grey Step Number Density Range Record Density 

Range 

0.21-0.29 
0.26-0.34 
0.34-0.42 
0.45-0.57 
0.61-0.73 
0.82-0.94 
1.05-1.21 
1.32-1.48 
1.40- 1.56 

Clipped by GRE 
1.89-2.11 
1.64- 1.82 
1.33-1.49 
0.981.13 
0.66-0.80 
0.50-0.60 
0.42-0.50* 
Clipped by GRE 

* May be clipped 
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SPACECRAFT FILM DENSITY VS GRE FILM DENSITY 

NUMBERS REPRESENT S/C GREY SCALES. VERTICAL 
LINES SHOW S/C GREY SCALES’ FILM DENSITY 
TOLERANCES. 

HORIZONTAL LINES SHOW RESULTANT GRE FILM 
DENSITY TOLERANCES. 

DATA FROM: EKC L-018945-OU GRS EVAL. HDBK 
EKC L-018375-OU PS REF. HDBK 

Since the SO243 film in the spacecraft is scanned by light 
from a P-16 phosphor, the apparent film density is depend- 
ent on transmission of the film to light of that spectral 
distribution. This is different from the density that the film 
would appear to have using standard densitometer illum- 
ination as shown in Figure 2.5-62. Hence, visual densities 
on the 70-mm film are converted to readout density to 
reflect the way in which film densities actually affect the 
phosphor scan readout of the 80-243 film. 

0 0.4 0.8 1.2 1.6 2.0 2.4 
N.H. BLUE DENSITY 

Figure 2.562 Relationship Between N.H. Blue and 
Visual Densities for Bimat 
Processed SO-243 

113 

k 



Video Signal Focus Conditions 

1/2 - 

Focus of the line scan tube is adjusted by command to the 
spacecraft until optimum waveform is achieved. Before 
readout starts, the LST electrical scan is in the focus-stop 
position: that portion of the edge data with the diagonal 
lines. Gain is adjusted so that the range of 1.3 to 0.3 
density on the spacecraft fdm corresponds to 0 to 5 volts 
video signal amplitude from the scanner. An image density 
of 1.3 or greater essentially blocks the readout light-beam 
to produce a zero video signal. The video gain must be 
adjusted until light from the beam passing through 0.3 
readout density is equal to 5.0 volts. Thefilm background 
readout density is 0.3 =t 0.05 in the focus stop position 
Thus, after communications system gain calibration has 
been set from the sync pulse amplitude, spacecraft gain is 
set so that 0.3 readout density in the focus stop position 
is equivalent to a 5.O-volt video levd. Focus conditions 
are illustrated in Figure 2.5-63. 

Modulation Transfer Function of GRE Camera Lens and 
Film - 
System resolution of targets on GRE film is not appreci- 
ably degraded by the GRE camera lens or the GRE film. 
At 76 lines per mm-corresponding in a nominal 610-mm 
photograph to 1-meter resolution on the lunar surface- 
modulation transfer function, Figure 2.5-64, shows a 93% 
response; at the same point on Sa349  or 5374 film, it is 
approximately 99%, as shown in Figure 2.5-65. Due to 
the system magnification factor of 7.2 diameters, this de- 
gradation is actually only 10 lines per mm on the GRE 
film. The limes-per-millimeter scale shown is in terms of 
equivalent spacecraft lines per millimeter. A normal focus 
and resolution test of the GRE, using the composite signal 
generator, requires that the cycles of a 400-kHz tone sig- 
nal be clearly resolved. This is equivalent to 174 lines per 
millimeter on the spacecraft film or twice the frequency of 
the specified system resolution pattern (76 lines per mm). 

2.5.5.6 PHOTO REASSEMBLY 

All 35-mm fim developed at the DSS is sent to Eastman 
Kodak at Rochester, New York for reassembly and re 
production into the negatives, positives, and transparencies 
required for fiial data analysis and reporting. Reassembly 
is performed in the reassembly printer. 

Reassembly hinter 

The reassembly printer produces an output record on 
24.2-cm film by conventional photographic process print- 
ing from the 35-mm GRE film. Since the framelets on the 
35-mm primary record film are alternately reversed in 
direction and orientation, every other framelet must be 
turned around during printing. This is done using two 
rear-illuminated vertically mounted frlm gates. Film moves 
upward through the A gate, bends over, and proceeds 
downward through the B gate. The film emulsion faces 
the lens in the A gate, and the base side of the film faces 
the lens in the B gate. Two flash tubes, triggered from 
reassembly printer reference lines in the edge data, fire 
almost simultaneously to print both A and B framelets. 
Tilting data for the reassembly subframe is imaged from 
the face of a Charactron tube 

AS VIEWED AT THE D.S.I.F. GRE VIDEO MONITOR 
OSCILLOSCOPE 

MAXIMUM FOCUS 

1 

OPTIMUM FOCUS 

I c 

c 

MINIMUM FOCUS 

Figure 2.5-63 Video Signal Focus Conditions 
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The framelet image is projected onto the 24.2-em film by 
a 28-cm-focal-length Goertz Artar f/ 11 lens via two first- 
surface folding mirrors. Adjustment is provided in thelens 
mount as well as in the 35mm film gate to control mag- 
nification and focus. There are identical projection sys- 
tems ror each gate. In the reassembly printer gate, only 
1.83 cm of the image width is projected. 

A reassembly subframe may contain up to 14 framelets. 
To print the framelets adjacent and parallel to each other, 
the 24.2-cm film carriage moves laterally with respect to 
the optical axis. Both A and B framelets are printed at 
each carriage position, except in the first and last position 
where only one framelet is printed; thus eight carriage 
positions are required to print 14 framelets. At least two 
subframes are required to reassemble a photo from the 
80-mm lens, and at least seven for a photo from the 
610-mm lens. The last two framelets of a subframe are 
repeated as the first two framelets of thenext subframe for 
ease of reassembly. 

An opaque mark placed on the primary record film cues 
the reassembly printer. As the primary record film ad- 
vances, interruption of a light beam passing through the 
film produces an electrical signal to start the printing se- 
quence. After a 14framelet printing sequence, when the 
mark for the next subframe is detected, theprimary record 
is moved backward the length of two framelets and the 
sequence continues. 

The primary record film advances continuously during a 
printing run. Nominal velocity is 15.24 ern per second 
between framelets, slowing to 3.31 em per second for each 
exposure by an electronic flash tube. The Aand B gates 
have independent flash tubes and sensing systems for film 
positioning. In addition, two metering systems gate their 
respective reference-lines sensors and vary the film ad- 
vance speed. The metering system diagramed in Figure 
2.566 consists of a magnetic drum, geared to run in 
synchronization with the film, on which a magnetic mark 
is placed at the time the zenon flash tube is fired. This 
mark, after a 270-degree drum rotation, produces a trigger 
that slows the film drive to 3.31 em per second. This 
mark is again sensed in time to gate the reassembly ref- 
erenceline sensor on. The mark is then erased and a new 
mark is generated as the sensor detects the next reference 
line and fires the flash tube. 

of GRE Camera Lens 
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Figure 2.5-65 Modulation Transfer Function 
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Film Type 5374 
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Figure 2.566 Reassembly Printer Gating System 



Film Format 

The film in the spacecraft is scannedphysically beyond the 
photographic image and edge data. Distance between 
fiducial marks is 0.254 rt 0.00254 cm and width of the 
electrical scan is 0.267 cm -r 0.00254 cm, requiring 1160 
-r 12 microseconds. GRE film dimensions are 1.922 cm * 
0.00762 em wide, with fiducial mark spacing of 1.83 * 
0.0185 cm. The GRE film image is reduced in the r e  
assembly printer by a factor of 0.893, making the fiducial 
spacing 1.64 cm on the reassembled negative. The 35-mm 
film edge is masked to the fiducial line by the reassembly 
printer and the film loses GRE identification except for the 
reassembly title block. Edge data from the 70-mm film, 
however, is printed at the bottom of each reassembled 
framelet. 

The reassembly printer is designed to provide sideby-side 
gap overlap of 0.00331 cm. The vertical alignment toler- 
ance between adjacent framelets must be such that the 
reassembly printer reference lines are not offset by more 
than 0.0254 cm. Since 1 meter on the lunar surface is 
0.00864 cm (on the reassembled photo) tolerance limits 
from the reassembly process of about 2 0.5-meter hori- 
zontal overlap of gap and * 3-meter vertical registration 
error a k  indicated. 

Reassembled Film Format 

System magnification from the spacecraft to GRE film is 
determined by the fiducial mark spacing on the LST drum. 
The spacing tolerance between lines is el%, or 1.83 cm 
* 0.0185 cm on the GRE film. Fiducial mark centering 
tolerance in the readout process is -t 7 microseconds, or 
0.01275 cm on the GRE film. In practice, scan line length 
(including the 2.5% overscan) and distance of the scan 
line from the guide edge of the GREfilm are the dimen- 
sions maintained on GRE film to permit proper operation 
of the reassembly printer. These distances are 1.922 
0.00762 cm and 0.789 0.00762 cm. They are measured 
on test film made from GRE internal test signals and are 
a part of routine checkout of the GREs. 

The modulation transfer function of the Goertz Artar lens 
in the reassembly printer should be at least as flat as the 
camera lens out to 10 lines per mm. Kodak aerographic 
duplicating film Type 5427 processed in D-76 has approx- 
imately a 99% response out of 10 lines per mm (i.e., 72 
lines per mm on the spacecraft film). Hence, in terms of 
resolution, the reconstruction and reassembly introduce 
practically no degradation, provided density and contrast 
controls are maintained. 

Resolution performance of the complete readout system 
can be monitored from resolution bars in the pre-exposed 
edge data diagramed in Figure 2.5-67. These patterns are 
not the standard resolution targets used in test programs 
to evaluate system resolution, but they do provide a good 
reference for determining any significant change in resolu- 
tion. In typical system testing, targets up to 100 lines per 
mm have been resolved. 

Resolution from FR-900 

Very little resolution degradation is experienced by first 
recording the electrical signals on the FR-900 and then 
playing it back to the GRE. Within limitations of the 
reproduction processes, complimentary images of edge 
data are essentially identical. 
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Figure 2.5-67: Edge Data Test Pattern; Horizontal 
and Diagonal Groups 

2.5.5.7 CONCLUSIONS 

Photographic reconstruction performance during Lunar 
Orbiter Mission I resulted in excellent medium-resolution- 
camera film records; the high-resolution readouts were 
also of excellent quality when camera operation was nor- 
mal. The GRS equipment performed well, generally, at 
each DSS. Problems with hardware were minor and in- 
volved only component parts failures( one 12AV7vacuum 
tube at DSS-41) and two R-1131-C glow modulationtubes 
at DSS-41 and DSS-61) during the entire mission. 

The 35-mm film processor equipment proved rather 
troublesome in operation; however, work-around methods 
resulted in good-quality photo production. Ekperiencewith 
the GRS equipment promoted procedure changes and 
standardized operations for dl ground stations. 
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2.6 LANGLEY RESEARCH CENTER OPERATIONS . 
NASA has established a Photo Data Assessment Facility 
at Langley Research Center. This facility consists of two 
basic elements: 

1) Equipment for the generation of film from mag- 
netic tape; 

2) Equipment for evaluation and use of lunar photo- 
graphs. 

The Boeing Company assisted NASA in establishing the 
Photo Data Assessment Facility by installation and check- 
out of playback equipment and film generation and pro- 
cessing equipment and also by the procurement of the 
equipment necessary for film evaluation and use. 

4 

2.6.1 VIDEO TAPE PLAYBACK EQUIPMENT 

The equipment installed at LRC consists of a video mag- 
netic playback subsystem and two ground reconstruction 
electronics (GRE), with associate test equipment. Theplay- 
back subsystem employs two Ampex FR-900 video tape 
recorders and detection and discrimination equipment 
similar to that used in the three DISF sites. The GRE are 
identical to those used at the DSIF, except that they have 
been modified to place the NASA time code on the film in 
lieu of 60-cycle timing used at the DSS. 

The data source for the video tapes used at LRC is single 
FR-900 video tape recorders located at the three Deep 
Space Stations. These stations provided a total of 267 
magnetic tapes during the first mission, including 58 tapes 
made during priority readout. The first tape from Gold- 
stone and Madrid contained calibration information read 
out from the Goldstone test film in the spacecraft. 

Output of the playback equipment, including GRE, for each 
original tape from the Deep Space Stations was planned to 
be as follows: 

1) A duplicate copy of the original tape (10-Mc tape 

2) Tape containing only video data fromtheoriginal 
tape (analog tape copy); 

3) One GRE film to accompany theanalogtapecopy; 

4) Two additional, lower priority GRE films for use 
by USGS and ACIC. 

After experience in the first mission, the actual output of 

COPY ); 

the facility was modified to include all the items originally 
planned and in addition the following two items: 

1) One additional GRE fim for the Lunar Orbiter 
project office library; 

2 )  Selected additional GRE films to support the 
screening teams that formed a part of the evalua- 
tion and use of the photo data at LRC. 

As of November 10th the following data have been pro- 
duced: 

1) 10-Mc tape copies (95); 

2 )  Analog tape copies (170); 

3) GRE film, all types (854) 
(from 272 original tapes). 

2.6.2 VIDEO ASSESSMENT EQUIPMENT 

Equipment installed at LRC to assist in photo data assess- 
ment includes the following: light tables, optical viewers 
of several types, automatic density plotters (Isodensi- 
tracers), and photo processing equipment. This equip- 
ment, except for the Isodensitracers, is maintained and 
operated by the government. 

The screening of lunar photographs was directed toward 
several results, including Surveyor landing site selection, 
Apollo landing site selection, and photo site selection for 
future lunar orbital spacecraft. 

2.6.3 PHOTOGRAPH ENHANCEMENT 

A technique was developed at Langley Research Center to 
enhance detail in overexposed moderateresolution photo- 
graphs. The technique involved the use of cascading am- 
plifiers between the FR-900 tape playback and theGRE to 
obtain an amplification factor of about 2. The increased 
gain increased contrast in the overexposed areas sufficient- 
ly to bring out detail not otherwise evident. The gain in 
detail in the overexposed areas was, however, at the ex- 
pense of loss in less exposed areas. Use of the enhanced 
photographs together with those prepared by standard 
procedures thus extended the range of information avail- 
able for interpretation. The technique further reduced or 
eliminated the difficult problem of deriving information 
from the smeared 610-mm photographs. 
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2.7 HIGH-RESOLUTION FILM-SMEAR ANALYSIS 

1 THIS IS EQUIVALENT TO \ D4.4 MM DISPLACEMENT 
I ON THE REASSEMBLED 

MEDIUM - RESOLUTION 
PHOTOGRAPH 

I 
I 

I 
I 

*I 

In the analysis of the image smear occurring in the high- 
resolution photographs, the items of prime importance 
were the amount and direction of smear and the displace- 
ment of the high-resolution principle point with respect 
to the medium-resolution principle point in the medium- 
resolution format. This analysis is still in progress; the 
final report on the problem will bereleased at a later date. 
Fifty-eight of the 211 frames have been analyzed. For the 
image motion compensation (IMC) smear, the measure- 
ments were taken along the velocity vector. For the film 
advance smear, the measurements were also taken across 
the velocity vector. 

The displacement measurements have considerable range. 
The principle point of the high-resolution photograph is 
displaced from a low value of 1.1 mm, as projected on 
the medium-resolution format, to a high value of 4.3 m m  
The average falls at 3.4 mm. This represents 159 milli- 
seconds timing error and is in the direction of early 
triggering. Under normal operating conditions, the 610- 
mm-lens shutter would be actuated 40 milliseconds before 
the 80-mm-lens shutter. 

The above measurements should be corrected for reading 
inaccuracies of f 0.85 mm. This takes into consideration 
inaccuracies of reading the millimeter grid crater outline 
change due to lack of photographic control on the prints, 
inaccuracy in the grid itself, and positioning of the grid 
on the medium-resolution photographs. Assuming that 
this error adds to the desplacement error, the resultant 
displacement would be 4.4 mm or 199 milliseconds. If 
the worst case is considered, then the total displacement is 
5.15 millimeters. 

To determine where the shutter is triggered in the photo- 
graphic sequence, a plot of platen displacement versus 
time is drawn, as shown in Figure 2.7-1. On this plot, 
starting with the known point where shutter mechanism 
is initiated, the 80-mm-camera shutter position can be 
determined. The 610-mm-camera shutter triggering posi- 
tion then is determined using the displacement data. As- 
suming worst-case displacement of 5.15 mm, the trigger 
position would be coincident with the film clamp opera- 
tion in the photograph taking sequence. 

Film smear measurements taken fall into three categories: 
(1) the platen was traveling in the reverse direction and 
the smear is more than would have been if the V/H was 
shut off; (2) the V/H was  0% and (3) the V/H was off 
but there is film advance smear. The frames with fdm- 
advance smear have an average displacement of 17.57 
mm or 823 milliseconds early. This is without the read- 
ing error added in. The smear in IMC direction for the 
sites averages out to 4.7 mm. This excludes the in-be- 
tween site frames and those that have film-advance smear. 

Tivo additional discrepancies were noted during the 
analysis. So far ,  it has been impossible to determine 
where high-resolution Frames 105, 118, 141, 184, and 

200 were taen. The shutter was triggered early for th&e 
frames, probably about the time when V/H was turned 
on (this star@ the film damp operation). The other 
discrepancy is that Frames 143 and 144 were not takqn 
in correct sequence mode. The medium-resolution frames 
were taken in slow sequence mode. This fact will be 
further verified as more frames from Site 1-6 are anal- 

This analysis supports the theory that the focal-plane 
shutter was triggered by “Film Clamp and Vacuum 
Draw Motor On” current pulse. The analysis has also 
revealed other discrepancies for which there is no ex- 
planation at this time. The data gathered so f a r  is 
listed in Table 2.7-1. 

It should be noted also that the malfunction of the focal- 
plane shutter in some cases resulted in an offset of the 
principal point of the high-resolution frames from its 
nominal position in the center of the corresponding 
80-mm-lens frame. In a few instances, the timing error 
resulted in the 610-mm-lens frame being completely out- 
side the area covered by the 80-mm lens. 
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Figure 2.7-1: Shutter Trigger Positions in the IMC Cycle 

118 



Table 2.7-1: Smear and Displacement Data 
119 NASA-Langley, 1967 - 31 
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